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SUMMARY 
Among the m a t h e m a t i c a l p r o g r a m m i n g m o d e l s in c a p i t a l 
b u d g e t i n g there a r e m a n y w h i c h i n v o l v e d i v i d e n d p a y m e n t s 
w i t h i n some c e r t a i n p l a n n i n g p e r i o d or h o r i z o n . T h e s e m o d e l s 
try to d e t e r m i n e a s t r e a m of d i v i d e n d s to satisfy the i n t e r e s t s 
of m a n a g e m e n t or the s t o c k h o l d e r s , or b o t h . O n e of the m o r e 
i m p o r t a n t c h a r a c t e r i s t i c s of the stream is the s t e a d i n e s s of 
the d i v i d e n d s : i d e a l l y there should be o n l y small f l u c t u a ­
tions a b o u t an a v e r a g e d i v i d e n d l e v e l . A l s o , c u r r e n t d i v i ­
d e n d s should not be so e x c e s s i v e as to j e o p a r d i z e the f u t u r e 
f i n a n c i a l p o s i t i o n of the c o m p a n y . But m a n y of these d i v i d e n d 
m o d e l s seem to be i m p r o p e r l y f o r m u l a t e d , and so the.y do not 
s i m u l a t e c o r r e c t l y w h a t w e see in the r e a l w o r l d . 
T h e p u r p o s e of this t h e s i s is to f o r m u l a t e and d e m o n ­
s t r a t e c a p i t a l b u d g e t i n g m o d e l s w h i c h d e a l w i t h t h e s e issues 
in a m o r e s a t i s f a c t o r y m a n n e r than s i m i l a r m o d e l s f o r m u l a t e d 
b e f o r e . It is not i n t e n d e d to e x a m i n e the p r o b l e m of the 
v a l u a t i o n of the c o m p a n y . The o b j e c t i v e of our m o d e l s is to 
p r o v i d e h i g h o v e r a l l d i v i d e n d s , b a l a n c e d a g a i n s t s t e a d i n e s s 
of d i v i d e n d s and m a i n t e n a n c e of t e r m i n a l w e a l t h . 
T w o m o d e l s are f o r m u l a t e d , one linear and one n o n ­
l i n e a r , u s i n g s l i g h t l y d i f f e r e n t a p p r o a c h e s . T h e g e n e r a l 
a p p r o a c h used is to take W e i n g a r t n e r 1 s c l a s s i c a l h o r i z o n m o d e l 
and to add to the o b j e c t i v e f u n c t i o n some terms w h i c h r e p r e -
xii 
sent the s t o c k h o l d e r s ' and m a n a g e m e n t ' s u t i l i t i e s for d i v i ­
d e n d s and t e r m i n a l w e a l t h . T h i s is a c c o m p l i s h e d by u s i n g 
l i n e a r as w e l l as n o n l i n e a r p r o g r a m m i n g . In e a c h of the 
o b j e c t i v e f u n c t i o n s , t h r e e p a r a m e t e r s g i v e w e i g h t s to the 
u t i l i t y t e r m s . 
T h r o u g h an e x t e n s i v e t h e o r e t i c a l a n a l y s i s , c e r t a i n 
o p t i m a l i t y c o n d i t i o n s are d e t e r m i n e d and d e m o n s t r a t e d w i t h some 
n u m e r i c a l r e s u l t s for e x a m p l e p r o b l e m s . U s i n g a c o m p l e t e 
3 
4 f a c t o r i a l e x p e r i m e n t , a p a r a m e t r i c a n a l y s i s is m a d e to 
i n v e s t i g a t e the b e h a v i o r of b o t h m o d e l s over the p a r a m e t e r 
l e v e l s . T h e p e r f o r m a n c e of the m o d e l s is m e a s u r e d by the 
c o m p a n y ' s t e r m i n a l w e a l t h , a v e r a g e d i v i d e n d s paid w i t h i n the 
h o r i z o n , and the standard d e v i a t i o n of the stream of d i v i d e n d s . 
T h e linear m o d e l is found to h a v e m a n y d r a w b a c k s , but 
the n o n l i n e a r m o d e l a c h i e v e s s a t i s f a c t o r i l y the o b j e c t i v e s of 
this r e s e a r c h . 
1 
C H A P T E R I 
I N T R O D U C T I O N 
The d e v e l o p m e n t of h i g h l y s o p h i s t i c a t e d c o m p u t e r s y s ­
tems has a l l o w e d p r a c t i c i o n e r s o f f i n a n c i a l p l a n n i n g and 
e n g i n e e r i n g e c o n o m y to d e v e l o p and use m o r e and m o r e d e t a i l e d 
m a t h e m a t i c a l m o d e l s in o r d e r to r e p r e s e n t m o r e r e a l i s t i c a l l y 
the d i f f e r e n t c i r c u m s t a n c e s and c o n d i t i o n s w h i c h the m o d e l s 
try to s i m u l a t e . 
A l s o the c o n c e r n of the large c o m p a n i e s a b o u t risk and 
u n c e r t a i n t y has i n c r e a s e d in the p a s t 25 y e a r s s t i m u l a t i n g 
m o r e s o p h i s t i c a t e d c a p i t a l b u d g e t i n g t e c h n i q u e s . C o m p u t e r 
s i m u l a t i o n , p r o b a b i l i t y theory and P E R T / c r i t e r i a p a t h t e c h ­
n i q u e s h a v e b e e n i n c r e a s i n g l y used in c a p i t a l b u d g e t i n g since 
the end o f t h e fifties as K l a m m e r r e p o r t s ( 1 2 ) . H e also 
r e p o r t s that l i n e a r p r o g r a m m i n g is used as n e v e r b e f o r e . 
H o w e v e r , an i n c r e a s e w a s not r e p o r t e d in the use o f n o n l i n e a r 
p r o g r a m m i n g , p e r h a p s b e c a u s e his l a t e s t survey r e p o r t e d on 
the a r t i c l e o f the r e f e r e n c e w a s m a d e in 1 9 7 0 , the d a t e of 
the latest n o n l i n e a r p r o g r a m m i n g r e f e r e n c e i n c l u d e d in 
K l a m m e r ' s survey, n o n l i n e a r a l g o r i t h m s w e r e not as e f f i c i e n t 
as now. 
A m o n g the m a t h e m a t i c a l p r o g r a m m i n g m o d e l s in c a p i t a l 
b u d g e t i n g , there are m a n y w h i c h i n v o l v e d i v i d e n d p a y m e n t s 
w i t h i n some c e r t a i n p l a n n i n g p e r i o d o r h o r i z o n . T h e s e m o d e l s 
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try to d e t e r m i n e the b e s t s t r e a m of d i v i d e n d s w h i c h m i g h t 
be o b t a i n e d by the s t o c k h o l d e r s . One o f t h e m o r e i m p o r t a n t 
c h a r a c t e r i s t i c s of the s t r e a m is the s t e a d i n e s s of the d i v i ­
d e n d s : small f l u c t u a t i o n s about an a v e r a g e l e v e l . 
F o r s t o c k h o l d e r s w h o p r e f e r d i v i d e n d s r a t h e r than 
c a p i t a l g a i n s , this s t e a d i n e s s r e p r e s e n t s a n e a r l y c e r t a i n 
i n c o m e , and they pay for o b t a i n i n g it. H o w e v e r , the best 
tool so far for h a n d l i n g that s t e a d i n e s s w i t h i n a c a p i t a l 
b u d g e t i n g m o d e l is an i n c l u s i o n w i t h i n the m o d e l of a n o n -
d e c r e a s i n g d i v i d e n d p o l i c y , w h i c h e s t a b l i s h e s that the d i v i ­
dend p a y m e n t of a s p e c i f i c y e a r should be g r e a t e r than or 
e q u a l to that of the y e a r b e f o r e . A l t h o u g h h e l p f u l , it d o e s 
not s i m u l a t e c o r r e c t l y w h a t one o b s e r v e s in the real w o r l d . 
T h e o b j e c t i v e of o b t a i n i n g a steady s t r e a m of d i v i ­
d e n d s is n o t easy to o b t a i n . The company m i g h t s a c r i f i c e 
e a r n i n g s and r e d u c e its t e r m i n a l w e a l t h in o r d e r to pay 
d i v i d e n d s and k e e p the same p a y - o u t . It is an i m p o r t a n t 
t h i n g to m a k e the s t o c k h o l d e r s to feel s a t i s f i e d w i t h t h e i r 
d i v i d e n d s , but it is n o t c l e a r h o w to b a l a n c e that s a t i s f a c ­
tion a g a i n s t e a r n i n g s from an a d d i t i o n a l i n v e s t m e n t . 
G i v e n the a b o v e , it is the p u r p o s e of this thesis to 
f o r m u l a t e and d e m o n s t r a t e c a p i t a l b u d g e t i n g m o d e l s w h i c h d e a l 
w i t h these issues in a m o r e s a t i s f a c t o r y m a n n e r than p r e v i o u s l y . 
It is not i n t e n d e d to e x a m i n e the p r o b l e m o f the v a l u a t i o n 
o f the c o m p a n y . T h e o b j e c t i v e of any m o d e l w i l l be to p r o v i d e 
h i g h o v e r a l l d i v i d e n d s , b a l a n c e d a g a i n s t s t e a d i n e s s of d i v i -
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d e n d s and m a i n t e n a n c e of t e r m i n a l w e a l t h . 
T h e a p p r o a c h used in this thesis is to take 
W e i n g a r t n e r 1 s c l a s s i c a l h o r i z o n m o d e l ( 1 9 ) , and to add to 
the o b j e c t i v e f u n c t i o n some t e r m s w h i c h r e p r e s e n t the s t o c k ­
h o l d e r s ' u t i l i t y f u n c t i o n for d i v i d e n d s and t e r m i n a l w e a l t h . 
T h i s is a c c o m p l i s h e d by u s i n g l i n e a r as w e l l as n o n l i n e a r 
prograinming. 
In C h a p t e r I I , s e v e r a l o u t s t a n d i n g m a t h e m a t i c a l 
m o d e l s are a n a l y z e d . S o m e m o d e l s do n o t take into a c c o u n t 
d i v i d e n d p a y m e n t s , b u t given t h e i r c h a r a c t e r i s t i c s , they are 
s t u d i e d , as in the c a s e of W e i n g a r t n e r ' s h o r i z o n m o d e l w h i c h 
is used as a b a s i s for the p r e s e n t w o r k . A n o t h e r m o d e l w h i c h 
p l a y s an i m p o r t a n t r o l e h e r e is that o f B e r n h a r d ( 4 ) , w h o s e 
c o n c e p t s a b o u t a c o m p a n y ' s t e r m i n a l w e a l t h i n f l u e n c e d this 
r e s e a r c h . 
In C h a p t e r I I I , two m o d e l s , one l i n e a r and one n o n ­
l i n e a r are p r e s e n t e d . T h e r e is i n c l u d e d a c o m p l e t e a n a l y s i s 
o f the m e a n i n g o f the a d d i t i o n a l o b j e c t i v e f u n c t i o n t e r m s , 
as w e l l as an o p t i m a l i t y c o n d i t i o n s a n a l y s i s . E a c h m o d e l 
c o n t a i n s t h r e e p a r a m e t e r s w h i c h g i v e a w e i g h t a c c o r d i n g to 
the s t o c k h o l d e r s ' and c o m p a n y ' s d e s i r e s . T h e a d d i t i o n a l 
t e r m s as w e l l as the p a r a m e t e r s a s s o c i a t e d w i t h t h e m m i g h t 
be c o n s i d e r e d as " u t i l i t y t e r m s . " 
In C h a p t e r IV, a p a r a m e t r i c a n a l y s i s of the two m o d e l s 
is p e r f o r m e d u s i n g two n u m e r i c a l e x a m p l e s . In o r d e r to judge 
t h e p e r f o r m a n c e of t h e p r o p o s e d m o d e l s , three c r i t e r i a are 
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used: the t e r m i n a l w e a l t h , the a v e r a g e d i v i d e n d , and the 
s t a n d a r d d e v i a t i o n of the s t r e a m of d i v i d e n d p a y m e n t s . The 
r e s p o n s e s of t h e s e three c r i t e r i a given the levels of p a r a ­
m e t e r v a l u e s is studied, and c o n c l u s i o n s are d r a w n . F i n a l l y , 
in C h a p t e r V, t h e r e is p r e s e n t e d a summary of t h e c o n c l u s i o n s 
o b t a i n e d from the study of the m o d e l s ' b e h a v i o r . T h e d r a w ­
b a c k s found by the a u t h o r are d i s c u s s e d , and a g r o u p of 
r e c o m m e n d a t i o n s are listed. 
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C H A P T E R II 
L I T E R A T U R E S U R V E Y 
In the last 25 y e a r s m a n y r e s e a r c h e r s have d e v e l o p e d 
d i f f e r e n t a p p r o a c h e s for c a p i t a l b u d g e t i n g m o d e l s r e g a r d i n g 
d i v i d e n d p o l i c y . M o s t of t h e s e a p p r o a c h e s use l i n e a r p r o ­
g r a m m i n g m o d e l s , t h o u g h there are a l s o some n o n l i n e a r m o d e l s . 
F i r s t , in o r d e r to o b t a i n some b a c k g r o u n d in the area of 
M a t h e m a t i c a l P r o g r a m m i n g in C a p i t a l B u d g e t i n g , it is n e c e s s a r y 
to r e v i e w some o f the m o r e i m p o r t a n t c o n t r i b u t i o n s to the 
field. 
The B a s i c H o r i z o n M o d e l 
A m o n g the b e t t e r k n o w n m o d e l s , the B a s i c H o r i z o n M o d e l 
of W e i n g a r t n e r (19) has s p e c i a l i m p o r t a n c e b e c a u s e of the 
w a y he m a x i m i z e s t h e t e r m i n a l w e a l t h of the c o m p a n y . 
B a s i c a l l y , his m o d e l can be s t a t e d as f o l l o w s : 
M a x i m i z e : 
n 
S a.x. + v - w (2.1) 
j=l J J 
S u b j e c t t o : 
n 
TJ a .x. + v - w < M. (2.2) 
j=l J J 1 1 1 
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n 
l a x - d + r ) v t _ 1 + v + d + r ) w t _ 1 - w < M f c 
3= 1 
(2.3) 
0 < x . < l j = 1 , 2 , . . . , n ( 2 . 4 ) 
- J -
v t , w t _> 0 t = 1 , 2 , . . . , T (2.5) 
w h e r e is the p r e s e n t w o r t h c o m p u t e d at the h o r i z o n y e a r 
T of all the c a s h f l o w s of the p r o j e c t j o c c u r r i n g 
a f t e r y e a r T. 
at_. is the c a s h f l o w a s s o c i a t e d w i t h p r o j e c t j o c c u r r i n g 
w i t h i n the h o r i z o n p e r i o d . 
M t is the cash a v a i l a b l e from o t h e r s o u r c e s for y e a r 
t. 
r is the i n t e r e s t rate for b o r r o w i n g and l e n d i n g . 
T is the h o r i z o n y e a r . 
V t is the a m o u n t to be lent at y e a r t. 
W t is the a m o u n t to b e b o r r o w e d at y e a r t. 
X . 
3 
is t h e p r o p o r t i o n of p r o j e c t j w h i c h is a c c e p t e d . 
It can be shown u s i n g the linear p r o g r a m m i n g d u a l of 
the model, that m a x i m i z i n g the t e r m i n a l w e a l t h s u b j e c t to 
the c o n s t r a i n t s is e q u i v a l e n t to m a x i m i z i n g the p r e s e n t w o r t h 
at the h o r i z o n y e a r o f all the c a s h f l o w s a s s o c i a t e d w i t h the 
a c c e p t e d p r o j e c t s , w h e r e p r o j e c t p r e s e n t w o r t h is c o m p u t e d 
at i n t e r e s t rate r. T h e B a s i c H o r i z o n M o d e l d o e s not h a v e 
any c o n s t r a i n s a b o u t the a m o u n t of m o n e y to be lent and 
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b o r r o w e d , nor does it i n c l u d e any d i v i d e n d v a r i a b l e s . The 
m o d e l is important b e c a u s e it d e m o n s t r a t e s a f u n d a m e n t a l 
r e l a t i o n s h i p b e t w e e n p r o j e c t a c c e p t a n c e u s i n g i n t e r e s t rate 
and p r o j e c t e v a l u a t i o n u s i n g dual v a r i a b l e s . 
W e i n g a r t n e r ' s D i v i d e n d M o d e l 
W e i n g a r t n e r (20) also p r o p o s e s a m o d e l i n c l u d i n g a 
d i v i d e n d p o l i c y , as f o l l o w s : 
M a x i m i z e : 
D T (2.6) 
S u b j e c t t o : 
n 
" j f i a i j x j + v i " w i + D i - M i < 2 - 7 > 
n 
^=1atjXj " ( 1 + r t - l ) v t - l + v t + ( 1 + r t - l ) w t - l 
•w t + D 1 M t = 2 , 3 , . . . , T 
(2.8) 
1 — m m 
D t 1 D x t = 2 , 3 , . . . , T (2.10) 
n ^ 
r( Z a x + v T - w T + M ) 1 D T (2.11) 
j=l • J J 
0 1 x. < 1 j = 1 , 2 , . . . , n (2.12) 
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v t , w _> 0 t = 1 , 2 , . . . , T (2.13) 
cc 
M = E A ( l + r ) T _ t (2.14) 
t = T + l 
(residual v a l u e of p h y s i c a l a s s e t s w h i c h 
e x i s t e d at t h e start of t h e p l a n n i n g 
p e r i o d ) 
r^_^ is the l e n d i n g rate for t-1. 
r^._^ is the b o r r o w i n g rate for t-1. 
T h i s m o d e l c o n t a i n s a n u m b e r of i n t e r e s t i n g f e a t u r e s . 
C o n s t r a i n t (2.11) r e l a t e s the t e r m i n a l w e a l t h to D T w i t h the 
d i s c o u n t rate r. It e s t a b l i s h e s that all the p o s t - h o r i z o n 
d i v i d e n d p a y m e n t s s h o u l d be g r e a t e r than o r e q u a l to D T 
a s s u m i n g that all the t e r m i n a l w e a l t h is used to p a y d i v i d e n d s . 
The term b e t w e e n b r a c e s in (2.11) r e p r e s e n t s the t e r m i n a l 
w e a l t h . It c o n t a i n s the net a m o u n t o f f i n a n c i a l a s s e t s 
( v T - w T ) and the p h y s i c a l a s s e t s (Ea^x.. + M ) . The l a t t e r 
c o n s i s t s o f the r e s i d u a l v a l u e s (at t h e h o r i z o n ) of the a s s e t s 
r e s u l t i n g from the i n v e s t m e n t s u n d e r t a k e n and t h o s e w h i c h 
e x i s t e d at the start. C a s h flows o f the l a t t e r are d e n o t e d 
by A t , and t h e i r r e s i d u a l value as of the h o r i z o n is d e n o t e d 
b y M. 
A c c o r d i n g to W e i n g a r t n e r , by m a x i m i z i n g the d i v i d e n d 
d u r i n g y e a r T, s u b j e c t to the c o n s t r a i n t that t h i s level of 
w h e r e : 
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d i v i d e n d s can be m a i n t a i n e d , the m o d e l also m a x i m i z e s the 
rate o f g r o w t h of d i v i d e n d s . W e i n g a r t n e r p o i n t s o u t that 
t h e m o d e l shown above h a s two d r a w b a c k s . F i r s t , m a x i m i z a t i o n 
of the g r o w t h rate of d i v i d e n d s up to the h o r i z o n m a y p r o d u c e 
a s t r e a m of d i v i d e n d s w h i c h is small o v e r a large p o r t i o n of 
t h e time to the h o r i z o n , but r i s e s sharply at the end. 
S e c o n d , it y i e l d s a s i n g l e s o l u t i o n rather than a set of 
a l t e r n a t i v e s from w h i c h t h e o p t i m a l p a t t e r n of d i v i d e n d s , 
w i t h i n the p o l i c y l i m i t s , can be c h o s e n . 
In o r d e r to m e e t t h o s e o b j e c t i o n s , c o n s t r a i n t (2.10) 
is r e p l a c e d by a m i n i m u m g r o w t h rate in d i v i d e n d s K: 
D
t - K D t - l (2.15) 
The c o n s t a n t K is d e t e r m i n e d by the c o m p a n y ' s d e c i s i o n m a k e r 
as an i n d e x o f the d i v i d e n d p o l i c y w h i c h he w o u l d like to 
h a v e . 
G i v e n the s t r u c t u r e o f the c o n s t r a i n t s o f the 
W e i n g a r t n e r ' s d i v i d e n d m o d e l , it d o e s not a l l o w t h e d i v i d e n d s 
to f l u c t u a t e up and down. S o , the c o m p a n y a l w a y s has to p a y 
d i v i d e n d s g r e a t e r than or e q u a l to t h o s e d u r i n g the last 
y e a r . U n d e r t h e s e c i r c u m s t a n c e s , e v e n t h o u g h the e a r n i n g s 
m a y be h i g h in o n e y e a r , the c o m p a n y w i l l not n e c e s s a r i l y 
p a y h i g h d i v i d e n d s b e c a u s e if it d o e s , it w i l l h a v e to p a y 
d i v i d e n d s as h i g h as t h o s e in the f o l l o w i n g y e a r s . This m i g h t 
r e s u l t in s o l u t i o n s w i t h low d i v i d e n d p a y m e n t s w h i c h a r e not 
a t t r a c t i v e for s t o c k h o l d e r s . 
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B e r n h a r d ' s D i v i d e n d M o d e l 
B e r n h a r d ' s g e n e r a l m o d e l ( 4 ) has also s p e c i a l i m p o r ­
tance b e c a u s e he w a s one of the first o n e s w h o i n t r o d u c e d in 
an e x p l i c i t w a y t h e " T e r m i n a l W e a l t h " c o n c e p t . He a r g u e s 
t h a t the o b j e c t i v e f u n c t i o n s h o u l d be a f u n c t i o n of the 
d i v i d e n d p a y m e n t s w i t h i n t h e h o r i z o n , as w e l l as of the 
t e r m i n a l w e a l t h : 
M a x i m i z e : 
f ( D 1 # D 2 , D T , G) (2.16) 
w h e r e D ^ is the d i v i d e n d p a y m e n t in y e a r t. 
G is the t e r m i n a l w e a l t h 
n „ 
G = M + z a x . + v T - w T + ( c T w T + C T ) (2.17) 
j=l J J 
w h e r e M is the p r e s e n t w o r t h o f p o s t - T cash flows from 
o u t s i d e p r o j e c t s and o t h e r o u t s i d e s o u r c e s . 
C T W T + C T "*"S t * i e " l i q u i d i t y r e s t r i c t i o n " for y e a r T. 
T h e s e " l i q u i d i t y r e s t r i c t i o n s " are i n c l u d e d in e a c h 
o n e o f the c a s h b a l a n c e r e s t r i c t i o n s , and they 
r e p r e s e n t an a m o u n t of m o n e y to be c a r r i e d from 
t to t + 1 . 
The t e r m i n a l w e a l t h is c o n s t r a i n e d to be p o s i t i v e by 
an i n e q u a l i t y o f the t y p e : 
G ^ K + q(D1, D 2 , D T ) (2.17) 
1 1 
w h e r e K is a n o n n e g a t i v e c o n s t a n t . 
The o b j e c t i v e f u n c t i o n (2.16) m a x i m i z e s f. B u t this 
f u n c t i o n as w e l l as g in ( 2 . 1 7 ) , are not s p e c i f i e d by 
B e r n h a r d . By c o n s t r a i n t ( 2 . 1 7 ) , the company is e n a b l e d to 
p a y p o s t - T d i v i d e n d s that are r e l a t e d to t h o s e p a i d w i t h i n 
t h e h o r i z o n . 
In a d d i t i o n to the cash b a l a n c e and t e r m i n a l w e a l t h 
r e s t r i c t i o n s , o t h e r s p e c i a l c o n s t r a i n t s are s p e c i f i e d by 
B e r n h a r d , as the f o l l o w i n g : 
a) Group p a y b a c k r e s t r i c t i o n : 
n t' 
_ Z Z a. .x. < Q j = l , . . . , n (2.18) 
j=l t=l 3 3 
F o r some i n t e g e r t", such that 1 <_ t" £ T 
b) S c a r c e m a t e r i a l r e s t r i c t i o n : 
n 
Z k . x . ^ K j = l , . . . , n 
j=l 3 3 (2.19) 
c) U p p e r b o u n d on b o r r o w i n g r e s t r i c t i o n s 
w <• B t = 1, , T (2.20) 
E v e n t h o u g h B e r n h a r d c r i t i c i z e s W e i n g a r t n e r b e c a u s e of 
the w a y he s p e c i f i e d his o b j e c t i v e f u n c t i o n ( 1 9 ) , B e r n h a r d 
h i m s e l f n e v e r s p e c i f i e d a form for his o b j e c t i v e f u n c t i o n ( 4 ) . 
H o w e v e r , he m e n t i o n s that the s u g g e s t i o n s r e g a r d i n g the 
o b j e c t i v e f u n c t i o n f o r m u l a t i o n by B a u m o l and Q u a n d t (2) "were 
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a n o t h e r source in the f o r m u l a t i o n of that (his) m o d e l . " It 
can be i n t e r p r e t e d that he a c c e p t s o r at least d o e s not d i s ­
a g r e e w i t h t h e i r f o r m u l a t i o n of an o b j e c t i v e f u n c t i o n , w h i c h 
has the f o l l o w i n g form: 
T 
f ( D 1 , D 2 , . . . , D T , G) = E u t D t u t. >. 0 (2.21) 
T h e r e are m a n y p e o p l e w h o a c c e p t this type of o b j e c ­
tive f u n c t i o n . One of t h e m is M a n n e ( 1 3 ) , w h o showed that a 
n o n l i n e a r u t i l i t y o b j e c t i v e f u n c t i o n w o r k s w e l l a s s u m i n g c o n ­
c a v i t y . He a l s o showed that the l i n e a r u t i l i t y o b j e c t i v e 
f u n c t i o n ( 2 . 2 1 ) , y i e l d s s o l u t i o n s in w h i c h d i v i d e n d p a y m e n t s 
are n o t a l l o w e d in y e a r s in w h i c h the c o m p a n y m a k e s an i n v e s t ­
m e n t , a s s u m i n g that all the p r o j e c t s are of d e t e r m i n i s t i c 
type k n o w n as "point i n p u t - s t r e a m o u t p u t . " Due to this fact, 
he p o i n t s o u t the d e s i r a b i l i t y of u s i n g n o n l i n e a r u t i l i t y 
o b j e c t i v e f u n c t i o n s . 
U n f o r t u n a t e l y , as W e i n g a r t n e r (20) p o i n t s o u t , an 
o b j e c t i v e f u n c t i o n like (2.21) h a s a lack of r e a l i s m : 
a) It a s s u m e s an i d e n t i t y b e t w e e n the firm and the 
o w n e r - e n t e r p r e n e u r . 
b ) . I t r e q u i r e s an a s s i g n m e n t of the u t i l i t y index 
in a d v a n c e o f i n f o r m a t i o n a b o u t the w i t h d r a w a l 
p o s s i b i l i t i e s . 
c) It m a k e s the u t i l i t y of w i t h d r a w a l in o n e p e r i o d 
i n d e p e n d e n t of the a m o u n t a v a i l a b l e in a n o t h e r . 
In a d d i t i o n to t h e s e i t e m s , the o b j e c t i v e f u n c t i o n 
1 3 
does n o t c o n s i d e r in any w a y t h e c o m p a n y ' s t e r m i n a l w e a l t h . 
In e s s c e n c e , B e r n h a r d 1 s m o d e l does not c o n s i d e r any 
d i v i d e n d p o l i c y at a l l . T h e d i v i d e n d p a y m e n t s w i t h i n the 
h o r i z o n may f l u c t u a t e from zero up to the m a x i m u m a m o u n t of 
m o n e y w h i c h t h e c o m p a n y can o b t a i n in a s p e c i f i c y e a r , b a s e d 
on the b u d g e t c o n s t r a i n t , the b o r r o w i n g c o n s t r a i n t , and the 
cash i n f l o w s from p r o j e c t s . 
T h e H a m i l t o n and M o s e s M o d e l 
H a m i l t o n and M o s e s (9) take a d i f f e r e n t a p p r o a c h to 
the p r o b l e m of c a p i t a l b u d g e t i n g . T h e i r m o d e l , w i t h a w i d e r 
p o i n t of v i e w , takes into a c c o u n t sale and p u r c h a s e of s t o c k , 
as w e l l as c o n s i d e r a t i o n s of e a r n i n g s , l o n g - t e r m and s h o r t -
t e r m d e b t , p r e f e r r e d s t o c k , d i v i d e n d s , and several f i n a n c i a l 
r a t i o s . T h e y argue that the m o s t r e a s o n a b l e s u r r o g a t e m e a ­
sure of c o r p o r a t e p e r f o r m a n c e is the e a r n i n g s p e r share ( E P S ) . 
T h e i r o b j e c t i v e is, of c o u r s e , to select a good m e a s u r e m e n t of 
the v a l u e of the c o r p o r a t i o n to its s t o c k h o l d e r s in o r d e r to 
m a x i m i z e it, and given that the d i v i d e n d s v a l u a t i o n m o d e l s 
imply the u s e of an " a p p r o p r i a t e cost of c a p i t a l r a t e , " w h i c h 
is a m a t t e r o f c o n s i d e r a b l e d e b a t e , they p r e f e r to use E P S . 
S o , the o b j e c t i v e f u n c t i o n they p r e s e n t terms o u t to b e : 
M a x i m i z e : 
T 
EPS = JJ E./SQ (2.22) 
t=l 
w h e r e : E are the e a r n i n g s d u r i n g y e a r t. 
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SQ is the c o n s t a n t n u m b e r of common shares o u t ­
s t a n d i n g at t = 0 . 
T is the p l a n n i n g p e r i o d . 
T h i s o b j e c t i v e f u n c t i o n can be r e w r i t t e n to take into 
a c c o u n t the logical e x p a n s i o n s and c o n t r a c t i o n s of the stock 
b a s e SQ, w h i c h m i a h t be e x p e c t e d d u r i n g the p l a n n i n g p e r i o d . 
It s h o u l d b e n o t e d from the o b j e c t i v e f u n c t i o n that t h e r e is 
no c o n s i d e r a t i o n of the c o r p o r a t e t e r m i n a l w e a l t h , and of any 
p o s t - h o r i z o n c a s h flow e i t h e r , but the s e r i e s of e a r n i n g s p e r 
share is t r u n c a t e d at the h o r i z o n . 
E v e n t h o u g h the e a r n i n g s at t m i g h t f l u c t u a t e up and 
d o w n , they are c o n s t r a i n e d by an u p p e r and l o w e r b o u n d s set 
on e a r n i n g s at t-1. T h i s , in fact, r e p r e s e n t s a stable 
g r o w t h p o l i c y in EPS w i t h i n the h o r i z o n . But here a g a i n , 
n o t h i n g is said a b o u t the p o s t - h o r i z o n g r o w t h . H a m i l t o n and 
M o s e s r e p o r t in their p a p e r the n e c e s s i t y o f M i x e d I n t e g e r 
P r o g r a m m i n g given that some of the v a r i a b l e s in t h e i r m o d e l 
w e r e z e r o - o n e v a r i a b l e s , and some of the c o n t i n u o u s t y p e . 
T h e C a r l e t o n M o d e l 
A n o t h e r i n t e r e s t i n g m o d e l is g i v e n by C a r l e t o n ( 5 ) , 
w h o u s e s a c c o u n t i n g t o o l s in f o r m u l a t i n g it. L i k e H a m i l t o n 
and M o s e s , he a r g u e s t h a t the m a i n o b j e c t i v e of a c o m p a n y is 
to m a x i m i z e its v a l u e to its s t o c k h o l d e r s . C a r l e t o n , h o w e v e r , 
m a x i m i z e s the share p r i c e and his o b j e c t i v e f u n c t i o n has the 
f o l l o w i n g form: 
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M a x i m i z e : 
P _ 0 (2.23) 
N 0 
w h e r e : PQ is the a g g r e g a t e m a r k e t v a l u e at the b e g i n n i n g 
o f the p l a n n i n g p e r i o d . 
NQ is the n u m b e r of s h a r e s o f common s t o c k o u t ­
s t a n d i n g at the b e g i n n i n g of the p l a n n i n g p e r i o d . 
T h e share p r i c e PQ/NQ is d e f i n e d by C a r l e t o n as 
f o l l o w s : 
P 0 . Do , D l , V 
N Q N Q N - ^ l + k ^ + * * , + . ( l+k x) . . . (1+kj J 
(2.24) 
3 +1 3 + 1 , 3 +2 p +2 
N .Jl+k, ) . . . (1+k . > 1 ) N . . (1+k., ) . . . ( l + k . ^ 0 3 1 3 3 1 3 + 2 
-N - N 
D , — AE -| P - AE n-l n-l n n 
N . , (1+k,)... (1+k TT N . „(1+k.,)... (1+k ) 3 1 n-l 3 1 n 
w h e r e : are t h e a g g r e g a t e d i v i d e n d p a y m e n t s of t 
is the n u m b e r of s h a r e s o f c o m m o n stock o u t ­
s t a n d i n g at t. 
k^ is the rate of r e t u r n " r e q u i r e d by the stock 
m a r k e t " of the firm b e t w e e n p e r i o d s t and t + 1 . 
- N 
A E t is the net (always p o s i t i v e ) i n c r e m e n t of e q u i t y 
a f t e r stock f l o t a t i o n c o s t s . 
P N is the a g g r e g a t e m a r k e t v a l u e at the end of the 
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p l a n n i n g p e r i o d . 
In o r d e r to take into a c c o u n t the p o s t - h o r i z o n d i v i d e n d 
c a s h f l o w s , C a r l e t o n a s s u m e s t h a t a f t e r that m o m e n t , the 
c o m p a n y e n t e r s a steady s t a t e , in w h i c h there is a c o n s t a n t 
p o s t - h o r i z o n d i v i d e n d s g r o w t h rate g. So, the m a r k e t v a l u e 
at the h o r i z o n is given by the w e l l k n o w n f o r m u l a : 
D 
P = T - ~ r (2.25) n k -g n ^ 
In a d d i t i o n to t h e o b j e c t i v e f u n c t i o n stated a b o v e , 
C a r l e t o n e s t a b l i s h e d some i n s t i t u t i o n a l and c o r p o r a t e p o l i c y 
c o n s t r a i n t s . Some o f them are r e l a t e d to t h e d e b t e q u i t y 
r a t i o , i n v e s t m e n t r e q u i r e m e n t s , and o t h e r t h i n g s , but the 
m o s t i n t e r e s t i n g o n e s are the c o n s t r a i n t s imposed on the 
d i v i d e n d s and e a r n i n g s a v a i l a b l e to the s t o c k h o l d e r s : 
D t > C l D t + l (2.26) 
AFC. > c 0 A F C . _ L l (2.27) t — 2 t+1 
w h e r e : A F C ^ are the e a r n i n g s a v a i l a b l e to t h e s t o c k h o l d e r s , 
the d i v i d e n d p a y m e n t s at t and 
c l , c 2 a r e ^ ^ t a n t s s u c h that 1 <_ c^ <_ 
C a r l e t o n says that t h e s e r e s t r i c t i o n s on D t and A F C t 
a l l o w the c o r p o r a t e p l a n n e r to o f f s e t i n d i r e c t l y o m i s s i o n of 
the d y n a m i c s of e x p e c t a t i o n s f o r m u a t i o n . A l s o , a d e t e r m i n i s ­
tic m o d e l w h i c h a l l o w d i v i d e n d s p e r s h a r e o r e a r n i n g s p e r 
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share to f l u c t u a t e freely w o u l d be c o r r e c t g i v e n his a s s u m p ­
t i o n s but u n r e a l i s t i c , b e c a u s e there is i n f o r m a t i o n c o n t e n t 
in a d i v i d e n d or e a r n i n g s p e r s h a r e , w h i c h if u n c o n t r o l l e d , 
c o u l d lead to n o n v i a b l e m a r k e t e x p e c t a t i o n s and to c h a n g e s 
in r e q u i r e d rates of r e t u r n . H o w e v e r , he did not e x p l a i n 
w h a t i n f o r m a t i o n he r e f e r r e d t o , and h o w t h e " n o n v i a b l e m a r ­
ket e x p e c t a t i o n s " m i g h t be d e t e r m i n e d . 
B e s i d e the i n d i v i d u a l r e s t r i c t i o n s imposed on d i v i d e n d s 
and e a r n i n g s , C a r l e t o n sets u p p e r and lower b o u n d s on the p a y ­
o u t r a t i o s : 
D t >̂  c 3 A F C t (2.28) 
D t - C 4 A F C t (2.29) 
w h e r e : c^ and c^ are n o n n e g a t i v e c o n s t a n t s . 
T h e M i l l e r - M o d i g l i a n i P o s i t i o n 
One of the g r e a t e s t t h e o r e t i c a l c o n t r i b u t i o n s to the 
F i n a n c i a l M a n a g e m e n t field in the last 20 y e a r s h a s b e e n the 
t h e o r y o f M i l l e r - M o d i g l i a n i ( 1 5 ) , w h o a r g u e that the f i r m ' s 
c u r r e n t p o l i c y h a s no e f f e c t on the c u r r e n t p r i c e of its 
s h a r e s . G i v e n t h i s , M i l l e r - M o d i g l i a n i h a v e a p o s i t i o n a g a i n s t 
the t r a d i t i o n a l d i v i d e n d s v a l u a t i o n m o d e l s , w h i c h , as used 
b y C a r l e t o n , m a x i m i z e the share p r i c e s e l e c t i n g an a p p r o p r i a t e 
d i v i d e n d p o l i c y w i t h i n t h e h o r i z o n . 
The M i l l e r - M o d i g l i a n i p o s i t i o n (MM) h a s c a u s e d an 
u n e n d i n g d e b a t e a m o n g t h e o r e t i c i a n s in the f i n a n c e field. 
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A m o n g the p e o p l e w h o s u p p o r t MM are W a l t e r (21) and H i g g i n s 
( 1 0 ) . On the c o n t r a r y , p e o p l e o p p o s e d to t h e m are G o r d o n 
(8) , R o b i c h e k and M y e r s (17) , C h e n (6) , Van H o m e and 
M c D o n a l d (14) and o t h e r s . 
The MM m o d e l , in o r d e r to be v a l i d , n e e d s s e v e r a l 
a s s u m p t i o n s w h i c h can be s u m m a r i z e d as f o l l o w s : 
1) T h e r e is a s s u m e d a " p e r f e c t c a p i t a l m a r k e t , " w h i c h i m p l i e s 
t h a t : 
- no b u y e r o r s e l l e r o f s e c u r i t i e s is large e n o u g h for h i s 
t r a n s a c t i o n s to h a v e an a p p r e c i a b l e impact on the then 
r u l i n g p r i c e . 
- all t r a d e r s h a v e e q u a l and c o s t l e s s a c c e s s to i n f o r m a t i o n 
a b o u t the r u l i n g p r i c e and a b o u t all o t h e r r e l e v a n t 
c h a r a c t e r i s t i c s of s h a r e s . 
- no b r o k e r a g e f e e s , t r a n s f e r t a x e s o r o t h e r t r a n s a c t i o n 
c o s t s are i n c u r r e d w h e n s e c u r i t i e s are b o u g h t , sold, or 
issued, and there are no tax d i f f e r e n t i a l s e i t h e r b e t w e e n 
d i s t r i b u t e d and u n d i s t r i b u t e d p r o f i t s o r b e t w e e n d i v i ­
d e n d s and c a p i t a l g a i n s . 
2) T h e r e is a s s u m e d " r a t i o n a l b e h a v i o r " w h i c h m e a n s that 
i n v e s t o r s a l w a y s p r e f e r m o r e w e a l t h to l e s s , a n d are 
i n d i f f e r e n t as to w h e t h e r a g i v e n i n c r e m e n t to t h e i r 
w e a l t h t a k e s the form of c a s h flows or an i n c r e a s e in the 
m a r k e t v a l u e of t h e i r h o l d i n g s of s h a r e s . 
3) T h e r e is a s s u m e d " p e r f e c t c e r t a i n t y , " w h i c h i m p l i e s com­
p l e t e a s s u r a n c e on the p a r t of e v e r y i n v e s t o r as to the 
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future i n v e s t m e n t p r o g r a m and the future p r o f i t s of e v e r y 
c o r p o r a t i o n . 
The i r r e v e l a n c e of d i v i d e n d s in the share p r i c e is 
n o t a c c e p t e d by m a n y p e o p l e , some of them m e n t i o n e d a b o v e . 
The a r g u m e n t s p r e s e n t e d by t h o s e a g a i n s t the MM p o s i t i o n 
are s u p p o r t e d by the logic and by the o b s e r v a t i o n of the real 
b e h a v i o r o f an i n v e s t o r . T h o s e a r g u m e n t s a c c o r d i n g to V a n 
H o m e (18) can be s u m m a r i z e d as f o l l o w s : 
1) P a y m e n t of c u r r e n t d i v i d e n d s r e s o l v e s u n c e r t a i n t y in the 
m i n d s o f i n v e s t o r s and t h e r e f o r e , an i n v e s t o r is not i n d i f ­
ferent b e t w e e n d i v i d e n d s and c a p i t a l g a i n s , and is w i l l i n g 
to p a y a h i g h e r p r i c e for the s t o c k that o f f e r s a g r e a t e r 
c u r r e n t d i v i d e n d . 
2) T h e d i v i d e n d s have an i n f o r m a t i o n c o n t e n t a b o u t the f i r m ' s 
p r o f i t a b i l i t y , and this used by an i n v e s t o r in the stock 
p u r c h a s e d e c i s i o n and d i v i d e n d s t h e r e f o r e a f f e c t the stock 
p r i c e . 
3) The i n v e s t o r s are not i n d i f f e r e n t to r e c e i v i n g d i v i d e n d s 
or c a p i t a l g a i n s . They have p r e f e r e n c e s for o n e of t h e m 
and pay for it. 
In a survey m a d e bv H a r k i n s and W a l s h ( 2 3 ) , u s i n g i n f o r ­
m a t i o n from 166 m e m b e r s o f a p a n e l of s e n i o r f i n a n c i a l e x e c u ­
tives w h o r e s p o n d e d to an i n q u i r y c o n c e r n i n g t h e i r c o m p a n y ' s 
d i v i d e n d p r a c t i c e s , t h e r e are r e p o r t e d s e v e r a l u s e f u l c o n ­
c l u s i o n s : 
1) T h e i t e m s of " c o n t i n u i t y or r e g u l a r i t y of d i v i d e n d p a y m e n t s " 
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and " s t a b i l i t y o f rate p e r s h a r e " are i n c l u d e d in 26 
p e r c e n t and 16 p e r c e n t of the r e s p o n s e s , r e s p e c t i v e l y , 
to a q u e s t i o n c o n c e r n i n g w h i c h f a c t o r s w e r e i m p o r t a n t 
for d i v i d e n d d e c i s i o n s . F r o m t h i s , it seems that the 
idea of p a y i n g a c o n t i n u o u s a n d steady s t r e a m of d i v i d e n d s 
r e p r e s e n t s a m a j o r c o n c e r n for m a n y m a n a g e r s . 
2) A b o u t 50 p e r c e n t o f the r e s p o n d e n t s say that d e s p i t e the 
l o g i c a l r e a s o n s g i v e n by t h e o r y (capital g a i n b e n e f i t 
s t o c k h o l d e r s ) , m o s t s t o c k h o l d e r s e x p e c t to r e c e i v e c u r r e n t 
i n c o m e from t h e i r i n v e s t m e n t s and, t h e r e f o r e , b o a r d s of 
d i r e c t o r s c a n n o t a f f o r d to ignore t h e i r d e m a n d s . B a s i ­
c a l l y , this r e s p o n s e r e p r e s e n t s e m p i r i c a l e v i d e n c e of the 
p r e f e r e n c e o f s t o c k h o l d e r s , at least in some c a s e s , for 
c u r r e n t and steady d i v i d e n d s . W e say in some c a s e s , 
b e c a u s e the s t o c k h o l d e r s can be d i f f e r e n t i a t e d into g r o u p s . 
F o r e x a m p l e , o w n e r s of c l o s e l y h e l d c o r p o r a t i o n s p r e f e r to 
f o r e g o c u r r e n t d i v i d e n d i n c o m e so that all e a r n i n g s can 
be p l o w e d b a c k into e x p a n d i n g t h e i r b u s i n e s s ; e l d e r l y 
r e t i r e d p e r s o n s , w h o n e e d all the income they can o b t a i n , 
favor g e n e r o u s and steady c u r r e n t d i v i d e n d p a y o u t s , e t c . 
R e g a r d i n g the p r e s e n t w o r k , the t y p i c a l l y o b s e r v e d 
b e h a v i o r of an i n v e s t o r is a s s u m e d , so the MM p o s i t i o n is not 
c o n s i d e r e d in o u r study. 
S u m m a r y 
S e v e r a l p o i n t s of v i e w w h i c h are c o n s i d e r e d i m p o r t a n t 
2 1 
w e r e d i s c u s s e d in this c h a p t e r . T h e y r e p r e s e n t v a l u a b l e 
t o o l s w h i c h are used to h e l p formulate the m o d e l s s u g g e s t e d 
by t h e a u t h o r in the n e x t c h a p t e r . 
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C H A P T E R III 
M O D E L F O R M U L A T I O N A N D A N A L Y S I S 
In C h a p t e r I I , w e r e v i e w e d some c l a s s i c a l c a p i t a l 
b u d g e t i n g m o d e l s w h i c h w e r e d e v e l o p e d u s i n g q u i t e d i f f e r e n t 
a p p r o a c h e s . S o m e of them h a v e d r a w b a c k s w h i c h , in some 
c a s e s , are r e c o g n i z e d by their own a u t h o r s . A s a m a t t e r of 
face, the " s t e a d i n e s s " of d i v i d e n d p a y m e n t s is not c o n s i d e r e d 
at all in any of the c a s e s . T h i s " s t e a d i n e s s " is r e g a r d e d 
by the a u t h o r as a v e r y i m p o r t a n t f a c t o r for any s t o c k h o l d e r , 
and should be c o n s i d e r e d s o m e h o w in the s t r u c t u r e of a c a p i ­
tal b u d g e t i n g m o d e l . In a d d i t i o n , it is d e s i r e d to m a i n t a i n 
some r e l a t i o n s h i p b e t w e e n the t e r m i n a l w e a l t h and the a v e r ­
age d i v i d e n d p a i d d u r i n g the p l a n n i n g p e r i o d . So, it is 
i n t e n d e d in this c h a p t e r to f o r m u l a t e two m o d e l s , one linear 
and o n e n o n l i n e a r for the p u r p o s e of o b t a i n i n g s o l u t i o n s 
w h i c h s a t i s f y these o b j e c t i v e s . 
M o d e l s P r e s e n t a t i o n 
T h e c o n s t r a i n t s of the m o d e l s s u g g e s t e d by the a u t h o r 
are s i m i l a r to those p r e s e n t e d by W e i n g a r t n e r (19) and 
B e r n h a r d ( 4 ) . The m a i n d i f f e r e n c e s take p l a c e in the o b j e c ­
tive f u n c t i o n , to w h i c h s e v e r a l a d d i t i o n a l terms h a v e b e e n 
a d d e d . The p u r p o s e of t h e s e terms is to d i m i n i s h the v a r i ­
a b i l i t y of d i v i d e n d s and k e e p t h e m n e a r a d e s i r e d l e v e l . 
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D i f f e r e n t from W e i n g a r t n e r ' s m o d e l , the o b j e c t i v e f u n c t i o n s 
of the m o d e l s p r e s e n t e d h e r e do not m a x i m i z e just the t e r ­
m i n a l w e a l t h (at the h o r i z o n ) . W h a t they a t t e m p t to do is 
to m a x i m i z e the t e r m i n a l w e a l t h p l u s the s t r e a m of d i v i d e n d s 
d i s c o u n t e d to the b e g i n n i n g of the p l a n n i n g p e r i o d . T h e 
idea o f d i s c o u n t i n g the d i v i d e n d p a y m e n t s and the t e r m i n a l 
w e a l t h to t = 0 r e c o g n i z e s the i m p o r t a n c e of b o t h of t h e s e 
i t e m s ; s i m i l a r r e s u l t s c o u l d h a v e b e e n o b t a i n e d if they w o u l d 
h a v e b e e n d i s c o u n t e d to the h o r i z o n . The d i s c o u n t rate used 
in the o b j e c t i v e f u n c t i o n of b o t h m o d e l s is the s t o c k h o l d e r s ' 
d i s c o u n t r a t e , a n d it is a s s u m e d t h r o u g h o u t that it is 
k n o w n in a d v a n c e . 
A term a d d e d to the o b j e c t i v e f u n c t i o n in b o t h m o d e l s 
m e a s u r e s , as m e n t i o n e d a b o v e , the v a r i a b i l i t y of d i v i d e n d 
p a y m e n t s and it m i g h t be r e g a r d e d as a "utility term." 
A n o t h e r o b j e c t i v e f u n c t i o n term r e p r e s e n t s the d i f f e r e n c e 
b e t w e e n a m e a s u r e m e n t of d i v i d e n d s and the t e r m i n a l w e a l t h . 
T h e h i g h e r the v a l u e of this term, the lower the v a l u e of 
the o b j e c t i v e f u n c t i o n . 
The w a y in w h i c h w e i g h t s are a s s i g n e d to t h e s e 
" u t i l i t y t e r m s " is by u s i n g t h r e e p a r a m e t e r s c^, c 2 , and c^. 
T h e s e p a r a m e t e r s c o n t r o l the t r a d e - o f f b e t w e e n d i v i d e n d p a y ­
m e n t s and t e r m i n a l w e a l t h , and s h o u l d r e f l e c t the v i e w s of 
the s t o c k h o l d e r s and m a n a g e m e n t . A p a r a m e t r i c a n a l y s i s 
s h o u l d be m a d e to d e t e r m i n e the b e s t set of p r o j e c t s that the 
c o m p a n y s h o u l d s e l e c t , and the w a y it is g o i n g to f i n a n c e 
24 
them. 
+ ( 1 + r b t) w t^T_ 1 M t t = 1 , 2 , . . . , T 
Z D t ( t - T> 
(3.1) 
n - T I t - c ? [ ( Z a. x.+v -w )/(l+k) c - 1=ITT Z ±-RL 
• j=l D 3 1 J 1 t=0 ( l + k ) r 
S u b j e c t : 
[ f o ] - - V o j x j + v o V w o + D o i M o ( 3 - 2 ) 
3=1 J J 
n 
[ f t ] " j f ^ t j ^ + v t - w t + D t - ( 1 + r t t , v t - i 
( 3 . 3 ) 
[g] [ — 7 ] > 0 (3.4) 
( T + 1 ) (T12T+1L, _ T _ } 
[ h t ] D t i D m i n * - . 0 » 1 . - . . » T (3.5) 
Our p r o p o s e d l i n e a r m o d e l h a s n + 3(T+1) v a r i a b l e s , 
n + 2 (T+2) c o n s t r a i n t s , a nd the fo l l o w i n g s t r u c t u r e : 
M a x i m i z e : 
T T 
z D t ( t " I> 
T D n _ 
E + t I ax +v -w ] / ( l + k ) T - c T ( 2 T + 1 ) T7~] 
t=0 (1+k) ̂  j=l 3 T T 1 (T+1) ( ^ ^ T + l ) ^ T } 
L i n e a r M o d e l 
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[i] [ z- a . x . + v _ - w T ] / c . ( l + k ) A - = ^ 1 E ( 3 * 6 ) 
j=l I? T T 3 T + 1 t=0 a+k)10-
v J _ , w J . > 0 t = 0,1,...,T (3.7) 
t t — 
U..] 0 £ x. < 1 j = 1,2,...,n (3.8) 
w h e r e : at_. is the cash flow of p r o j e c t j at y e a r t 
a. is the p r e s e n t w o r t h at the h o r i z o n of all the 
D 
p o s t - h o r i z o n c a s h flows of p r o j e c t j d i s c o u n t e d 
at k. 
c^, c^, are the n o n n e g a t i v e p a r a m e t e r s w h i c h 
a s s i g n w e i g h t s to the u t i l i t y t e r m s . 
is the d i v i d e n d p a y m e n t at y e a r t. 
D . is the m i n i m u m a n n u a l d i v i d e n d p a y m e n t w i t h i n m m * J 
the h o r i z o n , 
k is the s t o c k h o l d e r s ' d i s c o u n t rate 
is the m o n e y a v a i l a b l e from o t h e r s o u r c e s for 
y e a r t. 
r ^ t is the b o r r o w i n g r a t e of the m o n e y b o r r o w e d 
at t-1 and p a i d at t. 
r ^ is the l e n d i n g rate o f the m o n e y lent at t-1 
and p a i d at t. 
T is the h o r i z o n y e a r . 
v t is the m o n e y lent at t. 
w t is the m o n e y b o r r o w e d at t. 
x_. is the d e c i s i o n v a r i a b l e for p r o j e c t j . 
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The c o r r e s p o n d i n g dual v a r i a b l e s h a v e b e e n p l a c e d 
on the left of e a c h c o n s t r a i n t . T h e s e w i l l be used in the 
o p t i m a l i t y a n a l y s i s shown in the f o l l o w i n g p a g e s . 
Given the o b j e c t i v e f u n c t i o n a b o v e , let G be the 
c o m p a n y ' s t e r m i n a l w e a l t h d e f i n e d by B e r n h a r d ( 4 ) : 
n 
G = z a . x . + v J _ - w m + H (3.9) j=l ^ 3 t T 
w h e r e H is the time T p r e s e n t w o r t h of p o s t - h o r i z o n cash 
flows from o u t s i d e p r o j e c t s a n d o t h e r o u t s i d e s o u r c e s . H 
in o u r c a s e is just a c o n s t a n t w h i c h for o u r p u r p o s e s can 
be d r o p p e d w i t h o u t a f f e c t i n g the final r e s u l t . So, t e r m i n a l 
w e a l t h can be r e d e f i n e d : 
n 
G' = Z a x + v - w (3.10) 
j=l 3 3 1 1 
The first two e l e m e n t s of the o b j e c t i v e f u n c t i o n 
(3.1) r e p r e s e n t the time zero p r e s e n t w o r t h of the d i v i d e n d 
p a y m e n t s w i t h i n the h o r i z o n , and the time zero p r e s e n t w o r t h 
o f the t e r m i n a l w e a l t h G'. W i t h t h e s e two e l e m e n t s in the 
o b j e c t i v e f u n c t i o n , the i n t e r e s t s o f b o t h m a n a g e m e n t and 
s t o c k h o l d e r s are r e c o g n i z e d . 
The third term in (3.1) r e f l e c t s the v a r i a b i l i t y of 
the d i v i d e n d p a y m e n t s . T h i s term tries to m i n i m i z e the s l o p e 
b ^ of the d i v i d e n d s , w h e r e b ^ , the b e s t u n b i a s e d e s t i m a t o r , 
is d e f i n e d as f o l l o w s : 
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E (tD )-[ E t E D. ] / (T+1) 
i t=0 t=0 t=0 n i n 
b x = - ^ (3.11) 
E t 2 - [ E t ] 2 / ( T + l ) 
t=0 t=0 
N o t e that given a h o r i z o n of T y e a r s , we have T+1 d i v i d e n d 
p a y m e n t s a s s u m i n g that a lso in t=0 the company p a y s d i v i d e n d s . 
W i t h t h a t in m i n d , and k n o w i n g that: 
T 
E t = T ( ^ + 1 ) (3.12) 
t=0 2 
E t 2 = T ( T + 1 ^ ( 2 T + 1 ) (3.13) 
t=0 6 
W e can s h o w that the slope b e c o m e s : 
T 
T 
E D (t - ^) 
t=0 
b = — 2 (3.14) 
( T + 1 ) FTL̂ T+LI _ T_J 
The p a r a m e t e r c^ r e p r e s e n t s the w e i g h t that the 
s l o p e b ^ has in the o b j e c t i v e f u n c t i o n . In theory, the 
o p t i m u m v a l u e that b ^ s h o u l d h a v e w o u l d be zero, but this 
d o e s not m e a n that all the d i v i d e n d s are e q u a l to e a c h o t h e r . 
T h i s r e p r e s e n t s , as we w i l l s h o w l a t e r , o n e of the d r a w ­
b a c k s o f o u r l i n e a r m o d e l . G i v e n that n o s t o c k h o l d e r w o u l d 
like to h a v e a d e c r e a s i n g t r e n d in his d i v i d e n d p a y m e n t s , 
b ^ is r e s t r i c t e d to be n o n n e g a t i v e in ( 3 . 4 ) . 
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The fourth and last term in (3.1) r e p r e s e n t s the 
d i f f e r e n c e b e t w e e n the t e r m i n a l w e a l t h and the s t r e a m o f 
d i v i d e n d p a y m e n t s . In o r d e r to do that, the time zero 
t e r m i n a l w e a l t h d i v i d e d by the p a r a m e t e r c^ is c o m p a r e d 
w i t h the a v e r a g e o f the t i m e - z e r o p r e s e n t w o r t h s of the 
d i v i d e n d s . In a d d i t i o n , a w e i g h t g i v e n by the p a r a m e t e r c 2 
is a s s i g n e d to the d i f f e r e n c e . Let us e x p l a i n w h y this t e r m 
is w r i t t e n this w a y . 
If w e take the ratio of the a v e r a g e d i v i d e n d to 
t e r m i n a l w e a l t h , w e o b t a i n : 
D T T t T-t 
G- = ( T T T ) [^~!F "] (3-15) 
c 3 ( l + k ) T 
N o t e that the s e c o n d f a c t o r of the r i g h t h a n d side is the 
r a t i o of t h e time T future w o r t h of d i v i d e n d s to the time T 
t e r m i n a l w e a l t h and m a y be r e g a r d e d as some sort of p a y - o u t 
for the h o r i z o n . (Pay-out is d e f i n e d as the ratio of 
d i v i d e n d s to e a r n i n g s . ) In o t h e r w o r d s , the " h o r i z o n p a y ­
o u t " r e p r e s e n t s t h e e f f e c t i v e p e r c e n t a g e of the c o m p a n y ' s 
w e a l t h w h i c h is d i s t r i b u t e d a m o n g t h e s t o c k h o l d e r s . A t the 
o p t i m u m , w e w o u l d l i k e to have the e q u a t i o n (3.15) e q u a l to 
o n e , and if w e a s s u m e so, w e can say t h a t : 
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The a b o v e m e a n s that the ratio ( T + D / c ^ r e p r e s e n t s , 
at the o p t i m u m , the "h orizon p a y - o u t " ratio a l s o . A s can 
be seen, the "horizon p a y - o u t " d e p e n d s upon the l e n g t h of the 
h o r i z o n i t s e l f , as w e l l as the v a l u e of the p a r a m e t e r c^, 
w h i c h s h o u l d be e s t a b l i s h e d a c c o r d i n g to the c o m p a n y ' s 
d i v i d e n d p o l i c y . 
In a d d i t i o n , a p a r a m e t e r g i v e s the w e i g h t to the 
w h o l e d i f f e r e n c e term. W h a t m e a s u r e s is the i m p o r t a n c e 
of t h a t term in the o b j e c t i v e f u n c t i o n . If we let the d i f ­
f e r e n c e b e t w e e n G" and d i v i d e n d s have p o s i t i v e or n e g a t i v e 
sign, a s o l u t i o n in w h i c h the c o m p a n y p a y s too m u c h in 
d i v i d e n d s m i g h t be o b t a i n e d , w i t h the c o n s e q u e n c e that very 
a t t r a c t i v e p r o j e c t s may be r e j e c t e d in o r d e r to use the m o n e y 
to p a y d i v i d e n d s . S o , to a v o i d that s i t u a t i o n the d i f f e r e n c e 
b e t w e e n G' and d i v i d e n d s is c o n s t r a i n e d to be n o n n e g a t i v e 
in (3.6) . 
A n o t h e r f e a t u r e o f d i v i d e n d p o l i c y w h i c h any c o m p a n y 
s h o u l d a d o p t is c o n t a i n e d in ( 3 . 5 ) , in w h i c h the d i v i d e n d 
p a y m e n t s w i t h i n the h o r i z o n are c o n s t r a i n e d to be g r e a t e r 
than o r e q u a l to D . . T h i s m i n i m u m a m o u n t of d i v i d e n d s is ^ m m 
set a c c o r d i n g to the h i s t o r i c a l d a t a w h i c h the c o m p a n y has 
for the time b e i n g in b u s i n e s s , a n d it r e p r e s e n t s the m i n i m u m 
r e t u r n w h i c h s t o c k h o l d e r s are w i l l i n g to r e c e i v e . 
T h e o t h e r c o n s t r a i n t s o f the m o d e l are the b u d g e t 
c o n s t r a i n t s , the n o n n e g a t i v i t y r e q u i r e m e n t s for v^, w f c , and 
x., and t h o s e w h i c h c o n s t r a i n x. to be less o r equal to o n e . 
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A l l of t h e s e are b a s i c a l l y s i m i l a r to those given by 
W e i n g a r t n e r and B e r n h a r d , and n e e d no further e x p l a n a t i o n . 
O p t i m a l i t y A n a l y s i s o f the L i n e a r M o d e l 
The dual p r o b l e m of the l i n e a r m o d e l can be e s t a b l i s h e d 
w i t h o u t d i f f i c u l t y ( 3 ) : 
M i n i m i z e : 
T T n 
£ M^f,. +• Z D _ . _ h.. + L (3.17) 
Y t = o * t t t=0 m i n t i=l ~3 
S u b j e c t t o : 
t - (§) 
[ D t 3 f t + [ C^-]V + h t - - F > 
. ( T + 1 ) ( 1 + k ) r 
1 C 2 C l T { — ± [i .+ ] _ _ L { t _ * ] } ( 3 . 1 8 ) 
( 1 + k ) r 1 + 1 u ^ 
t = 0,1,... ,T 
T a. i a. C 
• Z a f + 3 + £ . > L j ; [1 -
t=0 t J r c v d + k ) 1 D ( 1 + k ) 1 c 3 
j = 1,2,...,n (3.19) 
[ v t ] f t - d + r £ t + 1 ) f t + 1 1 0 t = 0,1,...,T-1 (3.20) 
[v ] f + i > 1 [1 - p-] (3.21) 
c 3 ( l + k ) i ( 1 + k ) 1 c 3 
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[ w T ] - f t + (1 + r b t + l ) f t + l - ° t = ° ' 1 " - " T ~ 1 (3.22) 
[ w T ] -f i — ^ > i-s [1 - % (3.23) 
1 1 c 3 ( l + k ) i ( 1 + k ) 1 c 3 
f , I . >_ 0 h , i, g £ 0 (3.24) 
w h e r e 
2 
C = ( T + 1 ) [ l i ^ T + l i _ T _ 3 (3.25) 
The c o r r e s p o n d i n g p r i m a l v a r i a b l e s have b e e n p u t in 
b r a c k e t s at the left hand side of e a c h c o n s t r a i n t . 
D u a l r e s t r i c t i o n s (3.20) and (3.21) are d e r i v e d from 
l e n d i n g a c t i v i t i e s , w h i l e (3.22) and (3.23) come from 
b o r r o w i n g a c t i v i t i e s . T h e two c o n d i t i o n s (3.20) and (3.22) 
w r i t t e n t o g e t h e r a r e : 
( 1 + W 1 i ( 1 + r b t + i ' ( 3 - 2 6 » 
w h i c h imply the l o g i c a l c o n c l u s i o n and n e c e s s a r y c o n d i t i o n : 
r b t ^ r<>t f o r a n y t ( 3 - 2 7 ) 
We say n e c e s s a r y c o n d i t i o n b e c a u s e if the i n e q u a l i t y had the 
o p p o s i t e d i r e c t i o n , it w o u l d imply that the company a l w a y s 
w o u l d b o r r o w m o n e y for l e n d i n g it. 
C o m b i n i n g (3.21) and ( 3 . 2 3 ) , w e o b t a i n : 
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f- + ~ m = 1 m (1 " ^ ) (3.28) 
1 c 3 ( l + k ) (1+k) 3 
M a k i n g some t r a n s f o r m a t i o n s , it m a y be e a s i l y shown that: 
i = c 3 i r - ( l + k ) T f T ] - c 2 (3.29) 
K n o w i n g from (3.24) that i should be n o n p o s i t i v e , 
(3.29) m a y be r e w r i t t e n in the f o l l o w i n g w a y : 
c 3 [ l - ( l + k ) T f T ] - c 2 < 0 (3.30) 
o r 
fm 1 (1 - 7 ^ ) ( l + k ) " T (3.31) 
c 3 
A g a i n from ( 3 . 2 4 ) , w e k n o w that f T should be n o n n e g a t i v e 
w h i c h implies that: 
c 2 
~ - < 1 (3.32) 
C 3 ~ 
o r 
c 2 <_ c 3 (3.33) 
N o t e that if c 2 >̂  c 3 , the t e r m i n a l w e a l t h , i n s t e a d of 
i n c r e a s i n g the v a l u e of the o b j e c t i v e f u n c t i o n , w o u l d d e c r e a s e 
it. 
R e s t r i c t i o n (3.33) m i g h t be e a s i l y i n t e r p r e t e d . The 
w e i g h t c 2 r e p r e s e n t s the " i m p o r t a n c e " that the d e c i s i o n - m a k e r 
3 3 
a s s i g n s to the o b j e c t i v e of h a v i n g a "horizon p a y - o u t " 
e q u a l to (T+lJ/c^. T h i s is c l e a r l y seen if w e take an 
e x t r e m e c a s e . Let c^ = c^* T n e t e r m i n a l w e a l t h w o u l d not be 
p r e s e n t in the o b j e c t i v e f u n c t i o n b e c a u s e it is c a n c e l l e d o u t 
by the r a t i o ^ / c ^ . On the o t h e r hand, e q u a t i o n (3.29) m a y 
be r e w r i t t e n a s : 
i = - ( l + k ) T f T (3.34) 
F r o m r e s t r i c t i o n ( 3 . 2 6 ) , we k n o w that f T should not 
be zero, and h e n c e n e i t h e r s h o u l d i. So, using the K u h n -
T u c k e r c o n d i t i o n s , c o n s t r a i n t (3.6) b e c o m e s an e q u a t i o n at 
the o p t i m u m . This m e a n s that the d i v i d e n d p a y m e n t s are set 
to such v a l u e s t h a t (3.6) is s a t i s f i e d as an e q u a t i o n , and so 
the " h o r i z o n p a y - o u t " is e x a c t l y ( T + D / c ^ . S o , the h i g h e r 
the i m p o r t a n c e of g e t t i n g a s p e c i f i c "horizon p a y - o u t , " the 
h i g h e r the v a l u e of c^' 
R e t u r n i n g to the g e n e r a l c a s e , w e m a y n o t e that w h e n 
a p r o j e c t j is a c c e p t e d (x_.>0), c o n s t r a i n t (3.19) b e c o m e s an 
e q u a l i t y , and if w e s u b s t i t u t e the v a l u e for i from (3.29) 
into ( 3 . 1 9 ) , it m a y be s hown that: 
*j = a J f T + t ! 0 a t j f t < 3 - 3 5 
W e may n o t e that £..=0 for those p r o j e c t s w h i c h are r e j e c t e d 
o r p a r t i a l l y a c c e p t e d (0<_x^<_l) , so the last t e r m in (3.17) 
is a f u n c t i o n of the cash flows a s s o c i a t e d w i t h the fully 
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a c c e p t e d p r o j e c t s : 
n 
E I. = E . - f E a. + E E a .f (3.36) 
j=l 3 j e S ' 3 j e S ' 3 j e S ' t=0 t D 
w h e r e is the set o f fully a c c e p t e d p r o j e c t s . 
F r o m the d i v i d e n d p o l i c y e s t a b l i s h e d by our m o d e l , 
s h o u l d a l w a y s be g r e a t e r than o r e q u a l to D m ^ n » W h e n it 
h a p p e n s that is s t r i c t l y g r e a t e r , the slack of the d u a l 
c o n s t r a i n t (3.18) is zero, a n d this c o n s t r a i n t m a y be 
r e w r i t t e n as an e q u a t i o n : 
T - 1 
^ u c ( T + 1 ) ( 1 + k ) ^ 
[1 + ^4r] - 7^(t - 4) 
(3.37) 
t L T + 1 J r 2 ( 1 + k ) 1 1 1 1 u ^ 
t = 0 , 1 , . . . , T 
D > D . t m m 
On the o t h e r hand, if the v a l u e of i from (3.29) is s u b s t i ­
t u t e d in ( 3 . 1 8 ) , it is easy to show that: 
T 
, c (1+k) C-. 
(3.38) 
T c ! + 9 
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or 
, c ( l + k ) T c, m c +g 
h t > — 7 ^ H " 3 T + i f T + T + T ^ t + [ f " t ] [ ^ C " ] (1+k) 
(3.39) 
t = 0,1,... , T 
If we add up all the dual v a r i a b l e s h t for the p l a n ­
n i n g p e r i o d , (3.39) b e c o m e s : 
T T c ( l + k ) T T 
* h > £ ^ [ 1 - f + ^ - ] - £ f 
t=0 r t=0 ( l + k ) r 1 + ± r i + ± t=0 
T T c + g 
+ E (̂  - t) (-^——) (3.40) 
t=0 u 
t = 0,1,..., T 
but we k n o w that: 
I ( T t ) = T ( T + 1 ) _ T(T+1) = Q ( 3 - 4 1 ) 
t=0 z Z 
T T 
E ( l + k ) _ t = ( 1 + k ) ~ X = K (3.42) 
t=0 k ( l + k ) 
T h e n (3.39) m a y be r e w r i t t e n in a s i m p l e r w a y : 
T c T 
£ h > K + K E r — p ] [ l - ( l + k ) T f ] - E f (3.43) 
t=0 1 t=0 ^ 
E q u a t i o n (3.36) and c o n s t r a i n t (3.4 3) may be s u b s t i ­
tuted in the dual o b j e c t i v e f u n c t i o n . B u t g i v e n that (3.43) 
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is an i n e q u a l i t y and the dual p r o b l e m is a m i n i m i z a t i o n 
p r o b l e m , the right hand side of (3.4 3) p r o d u c e s a lower bound 
in the o b j e c t i v e f u n c t i o n . It is not d i f f i c u l t to show that 
t h e lower bound i s : 
T C 
z [M.+ z a ..-D . ]f. + [ £ a.-KD . (-—) ( l + k ) T ] f 
t=0 t j e S ' t j m i n t j e S ' 3 m i n T + 1 r 
(3.44) 
+ K D . 
m m 
N o t e that the last term K D . is just a c o n s t a n t w h i c h does 
m m J 
not a f f e c t the o p t i m a l s o l u t i o n in the m i n i m i z a t i o n p r o c e s s , 
and it can be d r o p p e d . 
It m a y be n o t e d that (3.44) is not a f u n c t i o n of c^ 
and C2« T h a t m e a n s that t h e o p t i m a l s o l u t i o n , w h e n it gets 
c l o s e r to its l o w e r bound, b e c o m e s i n d e p e n d e n t of t h e s e two 
p a r a m e t e r s . T h i s is a n o t h e r d r a w b a c k of the linear m o d e l . 
The a b o v e may also be seen if (3.1) is r e w r i t t e n as 
f o l l o w s : 
M a x i m i z e : 
T 1 c 2 c 1 ^ - f * r' c ? 
Z ( + t^t] - 1 c } D + b m [1 - (3.45) 
t=0 ( l + k ) ^ ^ ( 1 + k ) 1 c 3 
A l l the terms w h i c h c o m p o s e the s l o p e as w e l l as the 
d i f f e r e n c e term in the o r i g i n a l p r i m a l o b j e c t i v e f u n c t i o n 
( 3 . 1 ) , h a v e b e e n f a c t o r e d out in such a w a y that they r e p r e ­
sent no l o n g e r w h a t they o r i g i n a l l y did. 
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R a n g e of P a r a m e t e r s of the L i n e a r M o d e l 
c l 
^ < 1 (3.46) 
o r 
2 
C I < (T+1) [T ( 2^+ 1 ) ] - £-] (3.47) 
A h e u r i s t i c r e s t r i c t i o n that the a u t h o r found w o r k e d 
w e l l , i s : 
c 2 £ T + l (3.48) 
It m u s t be r e c a l l e d that c 2 is also c o n s t r a i n e d by (3.33). 
A n y w a y , small d e v i a t i o n s from that e s t a b l i s h e d by (3.47) and 
P a r a m e t e r c^, as e s t a b l i s h e d in the p r i m a l of the 
l i n e a r m o d e l is the w e i g h t that the slope b ^ has in the 
o b j e c t i v e f u n c t i o n . It s h o u l d w o r k a g a i n s t the d i v i d e n d 
v a r i a b i l i t y . In o r d e r to see w h a t its range i s , the o b j e c ­
tive f u n c t i o n r e w r i t t e n as in (3.45) should be a n a l y z e d . 
The c o e f f i c i e n t of D t , as w e l l as the sign of the 
c o e f f i c i e n t , give to the n e c e s s a r y w e i g h t to b e c o m e 
g r e a t e r than or just e q u a l to D . . S o , the value of that • m m ' 
c o e f f i c i e n t s h o u l d not be m u c h d i f f e r e n t from l / ( l + k ) t , 
o t h e r w i s e an u n d e s i r e a b l e s t r e a m of d i v i d e n d s m i g h t be 
o b t a i n e d . As a g e n e r a l rule p r o p o s e d by the a u t h o r and 
o b t a i n e d from a series of runs and t e s t s , c^ s h o u l d be 
r e s t r i c t e d as f o l l o w s : 
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(3.4 8) m i g h t w o r k d e p e n d i n g upon the set of p r o j e c t s for 
a n a l y s i s as w e l l as the d i s c o u n t rate k. 
The c r i t e r i a for s e l e c t i n g the value of c^ w a s m e n ­
t i o n e d b e f o r e , w h e n w e d i s c u s s e d the "horizon p a y - o u t . " This 
r a t i o , if w e l l i n t e r p r e t e d , may not be very d i f f i c u l t to be 
e s t a b l i s h e d . 
N o n l i n e a r M o d e l 
O u r p r o p o s e d n o n l i n e a r m o d e l h as n + 3(T+1) v a r i a b l e s , 
n + 2(T+1) c o n s t r a i n t s and the f o l l o w i n g s t r u c t u r e : 
M a x i m i z e : 
T D n . 
[ Z ^-p] + [ Z a x + v - w l / d + k ) 1 
t=0 ( l + k ) r j=l 3 3 1 1 
T n 
- c 1 E ( D t - D t _ 1 ) 2 - C 2 { [ z a x + v T - w T ] / c 3 ( l + k ) T (3.49) 
t=l j=l 3 3 
1 T D t 2 E ^ - r - r T+1 t 1 t=0 ( l + k ) ^ 
S u b j e c t t o : 
n 
[ ( V o ] " - z n a oj x j + vo - wo + Do ± Mo ( 3 - 5 0 ) 
3 = 1 J 
n 
[ ( V t ] " j ^ O j ^ + Vt " Wt + °t " ( 1 + r £ t ) V f l 
+ ( 1 + * h t ) w r _ 1 1 M f c t = l , 2 , . . . , T 
(3.51) 
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t = 0,1 
i • • • i 
T (3.52) 
[ (u ) .] 0 < x. < 1 
x J ~ J ~ 
= 1,2 
, . . . , 
n (3.53) 
v t' w t' D t -> 0 t = 0,1 , . . . , 
T (3.54) 
A l l the d e c i s i o n v a r i a b l e s as w e l l as the t e r m i n a l 
w e a l t h are d e f i n e d in the same w a y as they w e r e in the l i n e a r 
m o d e l . H o w e v e r , the p a r a m e t e r s c^, c^, and c^ have s l i g h t l y 
d i f f e r e n t i n t e r p r e t a t i o n as w e w i l l see later. 
H e r e a g a i n , the first two t e r m s of (3.49) r e p r e s e n t 
the time zero p r e s e n t w o r t h of the d i v i d e n d p a y m e n t s w i t h i n 
the h o r i z o n , and the time zero p r e s e n t w o r t h of the t e r m i n a l 
w e a l t h G". A s c o m m e n t e d e a r l i e r , t h e s e two e l e m e n t s r e f l e c t 
the i n t e r e s t s o f b o t h m a n a g e m e n t and s t o c k h o l d e r s . 
T h e t h i r d t e r m has the e f f e c t of r e d u c i n g v a r i a b i l i t y 
o f d i v i d e n d s . W i t h the aid of n o n l i n e a r p r o g r a m m i n g , the 
q u a d r a t i c d i f f e r e n c e s of d i v i d e n d p a y m e n t s are m i n i m i z e d 
a c c o r d i n g to a w e i g h t c^ a s s i g n e d to them. N o t e that g i v e n 
T+1 d i v i d e n d p a y m e n t s , there are T q u a d r a t i c d i f f e r e n c e s . 
The p a r a m e t e r c^ has a v a l u e a c c o r d i n g to the i m p o r t a n c e 
g i v e n by the d e c i s i o n - m a k e r to d i v i d e n d v a r i a b i l i t y . Some 
r u l e s for f i n d i n g its v a l u e are given l a t e r . 
The fourth term of the n o n l i n e a r o b j e c t i v e f u n c t i o n 
r e p r e s e n t s the d i f f e r e n c e b e t w e e n t e r m i n a l w e a l t h a n d d i v i ­
d e n d p a y m e n t s . T h i s d i f f e r e n c e is e s t a b l i s h e d as in the 
l i n e a r m o d e l , but here the d i f f e r e n c e is squared. The p a r a -
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m e t e r d i v i d e s the t e r m i n a l w e a l t h G', and this ratio 
is c o m p a r e d w i t h the a v e r a g e time zero p r e s e n t w o r t h of the 
d i v i d e n d p a y m e n t s as b e f o r e . The ratio (T+lJ/c^ is also here 
i n t e r p r e t e d as a "horizon p a y - o u t " as b e f o r e . T h e p a r a m e t e r 
c 2 g i v e s the w e i g h t to the q u a d r a t i c d i f f e r e n c e . 
B e c a u s e of the use of q u a d r a t i c terms in the o b j e c ­
tive f u n c t i o n , there is no n e e d to c o n s t r a i n the d i f f e r e n c e 
b e t w e e n d i v i d e n d s and the t e r m i n a l w e a l t h to be p o s i t i v e , so 
the n o n l i n e a r m o d e l b e c o m e s s i m p l e r than the l i n e a r case as 
far as c o n s t r a i n t s is c o n c e r n e d . T h e set of c o n s t r a i n t s 
of t h e n o n l i n e a r m o d e l are e x a c t l y the same as those for the 
l i n e a r m o d e l a f t e r d r o p p i n g (3.4) and ( 3 . 6 ) . T h i s m e a n s that 
the set of c o n s t r a i n t is r e d u c e d to: b u d g e t , d i v i d e n d p o l i c y , 
and n o n n e g a t i v i t y c o n s t r a i n t s . A s in the l i n e a r m o d e l , the 
d u a l v a r i a b l e s for the n o n l i n e a r c a s e are put at the left 
h a n d side of the p r i m a l c o n s t r a i n t s , b e t w e e n b r a c k e t s . 
B a s i c a l l y , the p r e s e n t m o d e l a t t e m p t s to do the same 
things as the l i n e a r o n e , that is, to p l a n the i n v e s t m e n t s 
for the h o r i z o n t a k i n g care of o b t a i n i n g a steady and fair 
s t r e a m of d i v i d e n d s . H o w e v e r , the a p p r o a c h e s for o b t a i n i n g 
it are q u i t e d i f f e r e n t . It may be a n t i c i p a t e d that the n o n ­
l i n e a r m o d e l o b t a i n s b e t t e r r e s u l t s than the l i n e a r c a s e . 
O p t i m a l i t y A n a l y s i s of the N o n l i n e a r M o d e l 
T h e f o r m u l a t i o n of t h e d u a l for the p r e s e n t m o d e l 
is not as e a s y as in the first c a s e . F i r s t , it is c o n v e n i e n t 
to w r i t e d o w n the s t a n d a r d form of the g e n e r a l q u a d r a t i c 
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m o d e l (2 3) : 
M a x i m i z e : 
q z + z Qz (3.55) 
S u b j e c t to 
A z < b 
z > 0 
(3.56) 
(3.57) 
w h e r e : q is an r - c o m p o n e n t row v e c t o r and c o n t a i n s the 
c o e f f i c i e n t s of the l i n e a r t e r m s z^ of the o b j e c ­
tive f u n c t i o n , 
z is an r - c o m p o n e n t c o l u m n v e c t o r of the p r i m a l 
v a r i a b l e s . 
Q is an r x r m a t r i x and c o n t a i n s e l e m e n t s c.. such 
1 j 1 
that: 
c . . = < 
1 D 
c o e f f i c i e n t of z.z. in the o b j e c t i v e 
1 D 
f u n c t i o n if i = j. 
1/2 t i m e s the c o e f f i c i e n t of z.z. in the 
I 3 
o b j e c t i v e f u n c t i o n if i ^ j . 
A is a p x r m a t r i x and c o n t a i n s t h e c o e f f i c i e n t s of 
the z. in the set of c o n s t r a i n t s . I 
b is a p - c o m p o n e n t c o l u m n v e c t o r . 
So, the dual a c c o r d i n g to Z a n g w i l l is the f o l l o w i n g : 
M i n i m i z e : 
t. t^ u b - z Qz (3.58) 
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S u b j e c t to: 
A f c u - 2Qz > q (3.59) 
u _> 0 (3.60) 
w h e r e u*" is a p - c o m p o n e n t row v e c t o r of the d u a l v a r i a b l e s . 
The o r i g i n a l n o n l i n e a r m o d e l can be r e d e f i n e d in terms 
o f the g e n e r a l q u a d r a t i c p r o b l e m , q, z, Q, A, and b. Let 
= (x*"/ v t , w t , D*") be a row v e c t o r c o n t a i n i n g all the 
d e c i s i o n v a r i a b l e s of the o r i g i n a l p r o b l e m w i t h size 
[n x 3 ( T + l ) ] x l , w h e r e : 
x t = (x,, x 0 , . . . , x ) (3.61) — 1 z n 
v f c = ( v Q , v l f . . . , v ) (3.62) 
w f c = ( w Q , w 1 , . . . , w T ) (3.63) 
D*1 = ( D Q , D 1 , . . . , D T ) (3.64) 
Let q t = (q^, q^, q^, q^) be a row v e c t o r c o n t a i n i n g 
the c o e f f i c i e n t s of the l i n e a r t e r m s a s s o c i a t e d w i t h the 
d e c i s i o n v a r i a b l e s x., v. , w ^ , and . Its size is 
3 t t t 
[n x 3 ( T + l ) ] x l and the e n t r i e s are d e f i n e d as f o l l o w s : 
q x = ^ 1 / ( 1 + k ) T ' a 2 / ( l + k ) T , . . . , a n / ( l + k ) T ] (3.65) 
q^ = [0, 0, , l / ( l + k ) T ] (3.66) 
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= [0, 0, , - l / ( l + k ) T ] (3.67) 
q £ = [1, l / ( l + k ) , . . . , l / ( l + k ) T ] (3.68) 
In o r d e r to d e f i n e Q, it w i l l be h e l p f u l to e x p a n d 
the q u a d r a t i c terms of the o b j e c t i v e f u n c t i o n . T h e q u a d r a t i c 
d i f f e r e n c e s of the d i v i d e n d s can be e x p r e s s e d a s : 
C l j/Wl̂  = C l ° 0 " 2 c l J x D t D t - l + 2 c l J x D t + C 1 D T 
(3.69) 
The term c o n c e r n i n g t he d i f f e r e n c e b e t w e e n t e r m i n a l 
w e a l t h and d i v i d e n d s b e c o m e s m o r e d i f f i c u l t to e x p a n d , but 
w i t h t r a n s f o r m a t i o n s , it can be shown t h a t : 
n - T 1 T D t 2 c {[ Z a x +v -w ]/c ( 1 + k ) 1 - - ± 3 - Z ml ̂  = 
^ j=l 3 3 1 J 1 1 t=0 ( 1 + k ) 1 
Z a x n * n * 
i = 1 j j 2 2 c 2 V T Z a i x i 2 c 2 W T E a i X i 
c 2 t 2-^ + T j = l 3 3 _ 2 T j=l 3 3 
C 3 ( 1 + k ) [ c 3 ( l + k ) T ] 2 [ c 3 ( l + k ) T ] 2 
D (3.70) 
n „ T — r -
2 c 9 [ z a.x.] [ Z (1+k) 1 1] . 
_ j=l 3 3 t=0 + c f V T 3 2 _ 2 C 2 V T W T 
c 3 ( T + l ) ( l + k ) T 2 c 3 ( l + k ) T [ c 2 ( l + k ) T ] 2 
T °t T D t 2 ° 2 ^ t=0 ^ + c r » T ] 2 + 2 C 2 - T t ! Q ( 1 + k ) * 
c 3 ( T + l ) ( l + k ) T 2 c 3 ( l + k ) T c 3 ( T + l ) ( l + k ) T 
w 
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1 T D t 2 
+ C 2 [ T + T Z 1 ] 
A 1 + 1
 t = 0 ( l + k ) r 
W i t h this in m i n d , the [n x 3(T+1)] x [n x 3(T+1)] 
m a t r i x Q m a y be d e f i n e d as f o l l o w s : 
Q Q t Q t xx vx w x Dx 
Q Q Qt Qt v x vv w v vv 
Q = Q w x Q w v Q W W Q Dw 
(3.71) 
Q D x Q D v Q D w Q D D 
The e n t r i e s o f (3.71) are also m a t r i c e s w h o s e e l e m e n t s are 
the c o e f f i c i e n t s of the q u a d r a t i c terms of the d e c i s i o n 
v a r i a b l e s a s s o c i a t e d w i t h t h e i r s u b i n d e c e s . S o , k n o w i n g 
those c o e f f i c i e n t s from (3.69) and ( 3 . 7 0 ) , e a c h one of those 
m a t r i c e s is d e f i n e d as f o l l o w s : 
a) Q an (nxn) m a t r i x w i t h e n t r i e s : xx 
c n a . a . 
= - 2 1 J 
C 3 ( l + k ) 2 T 
i = 1,2, ... , T 
j = 1 / 2 , . . . , T 
(3.72) 
T h e m i n u s sign of (3.72) is given by the m i n u s sign a s s o ­
c i a t e d w i t h the f o u r t h term of the o r i g i n a l o b j e c t i v e f u n c ­
tion. In g e n e r a l , all the f o l l o w i n g e n t r i e s have the sign 
c h a n g e d b e c a u s e of the m i n u s sign of the third and fourth 
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terms o f the o b j e c t i v e f u n c t i o n . 
b) Q a [(T+l)xn] m a t r i x w i t h n o n - z e r o e n t r i e s just vx 
in r o w T + 1 
c 9 a . i = T + 1 
" W i i = - 2 3 2T ( 3 - 7 3 ) v x 1 D ct(l+k) j = 1 , 2 , . . . , n 
0 o t h e r w i s e 
c) Q is d e f i n e d e x a c t l y as Q but w i t h the sign w x J vx ^ 
c h a n g e d : 
c 0 a . 
W X 1 3 c ^ l + k ) 2 7 
j = 1 , 2 , . . . , n 
0 o t h e r w i s e 
d) Q D x a [(T+l)xn] m a t r i x w i t h e n t r i e s : 
(QnJii = ° 2 a j T + i - 1 i = 1 , 2 , . . . , T+1 (3.75) 
U X 1 J c 3 ( T + l ) ( 1 + k ) 1 1 1 
j = 1 , 2 , . . . , n 
e) Q v v a [(T+1)x(T+1)] m a t r i x w i t h zero e n t r i e s 
e x c e p t o n e for i = T + 1 , j = T + 1 : 
(Q^^ = 4 ^ i =T+1 
j = T+1 
f) Q a [(T+1)x(T+l)] m a t r i x w i t h zero e n t r i e s w v 
e x c e p t one for i = T + 1 , j = T + 1 : 
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°2 ( Q J H = 2 2T i = T+1 (3.77) 
w v 1 3 c 2 ( l + k ) 2 T 
J j = T+1 
0 O t h e r w i s e 
g) Q D v a [(T+1)x(T+1)] m a t r i x w i t h n o n - z e r o e n t r i e s 
just in column T+1: 
" W i i = ° 2 T + i - i 1 = 1 ' 2 T + 1 < 3 - 7 8 > 
D V 1 3 c,(T+l) ( 1+k) 1 1 
J j = T+1 
0 O t h e r w i s e 
h) Q is de f i n e d e x a c t l y as Q : WW 2 vv 
c 2 
( Q J H = - -5 i = T+1 (3.79) 
w w 1 3
 c
2 ( l + k ) 2 T 
J j = T+1 
i) Q D w a [ (T+1)x(T+l)] m a t r i x d e f i n e d e x a c t l y as Q D v 
but w i t h the sign c h a n g e d : 
C 2 
( C W i i = T + I ^ T 1 = i'2*--" T+1 
D W 1 3 C - ( T + 1 ) ( 1 + k ) 1 + 1 1 ( . 
3 j = T + 1 ( 3 * 8 0 ) 
0 O t h e r w i s e 
j) Q D D a [(T+1)x(T+1)] s y m m e t r i c m a t r i x h as a m o r e 
c o m p l e x form b e c a u s e the terms of (3.69) should also be taken 
into a c c o u n t . It can be shown that its e n t r i e s are d e f i n e d 
as f o l l o w s : 
47 
i = 1 (3.81) 
j = 1 
i = T+1 (3.82) 
j = T+1 
i = j (3.83) 
i ^ 1, T+1 
j / 1, T+1 
i = 1,2, ... , n (3.84) 
j = i-l 
O t h e r w i s e (3.8 5 ) 
N o t e that ( 3 . 8 1 ) , ( 3 . 8 2 ) , and (3.83) are e n t r i e s of the m a i n 
d i a g o n a l , (3.84) of the d i a g o n a l s next to the m a i n d i a g o n a l , 
and (3.85) are the rest of the e n t r i e s . The three d i a g o n a l s 
in q u e s t i o n h a v e s p e c i a l s t r u c t u r e b e c a u s e the c o e f f i c i e n t s 
a s s o c i a t e d w i t h the q u a d r a t i c d i f f e r e n c e s of the d i v i d e n d s are 
i n v o l v e d in them. 
C o n t i n u i n g w i t h the r e d e f i n i t i o n of our o r i g i n a l 
m o d e l as a g e n e r a l q u a d r a t i c m o d e l , the n e x t term is A . Let 
A be d e f i n e d as f o l l o w s : 
" W i j c l - (T+1) 
C l " (T+1)(1+k) 2T 
= - 2c-^ -
(T+1)(1+k) i+j-2 
C l ~ ( T + 1 ) 2 ( l + k ) 1 + j " 2 
( T + 1 ) 2 ( 1 + k ) 1 + J ~ 2 
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A = 




The e n t r i e s of A are also m a t r i c e s w h o s e e l e m e n t s are 
the c o e f f i c i e n t s of the d e c i s i o n v a r i a b l e s of the set of c o n ­
s t r a i n t s . The first row of A c o r r e s p o n d s to the c o e f f i c i e n t s 
of the b u d g e t c o n s t r a i n t s , the second one to the d i v i d e n d 
p o l i c y c o n s t r a i n t s , and the third one to the c o n s t r a i n t s on 
the d e c i s i o n v a r i a b l e s x.. 
3 
E a c h one of the e n t r i e s of A are d e f i n e d as f o l l o w s : 
a) A t a [ ( T + l ) x n ] m a t r i x w h o s e e n t r i e s are 




t = i-1 
i = 1,..., T+1 
j = 1, . . . , n 
(3.87) 
b) A a [ ( T + l ) x n ] m a t r i x w h o s e e n t r i e s are all zeros 
e x c e p t those of the m a i n d i a g o n a l and the d i a g o n a l just b e l o w 
it. 
( A t v > i 3 - 1 i = 1,2,..., T+1 
j = 1 , 2 , . . . , T+1 
i = j 
(3.88) 
= - U + r £ t ) i = 2,3, ... , T+1 (3.89) 
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c) A, has a s i m i l a r s t r u c t u r e as A, . It m a y be 
tw tv •* 
r e p r e s e n t e d as f o l l o w s : 
(A^ ) . . = 1 i = 1,2,..,., T+1 (3.90) tw 1] 
j = 1 , 2 , . . . , T+1 
i = j 
= d + r b t ) i = 2 , 3 , . . . , T + 1 (3.91) 
j = 1 , 2 , . . . , T 
j = i-l 
t = i-l 
d) A is an [ (T+1)x(T+1)] i d e n t i t y m a t r i x . 
e) A D is a [(T+1)x(T+1)] d i a g o n a l m a t r i x w i t h -1 in 
all the e n t r i e s of the d i a g o n a l . The m i n u s sign w a s a s s i g n e d 
to the e n t r i e s b e c a u s e the o r i g i n a l c o n s t r a i n t (3.52) w a s an 
i n e q u a l i t y of the type of g r e a t e r than, and w a s t r a n s f o r m e d 
into the s t a n d a r d form ( 3 . 5 6 ) . 
f) A ^ is just an (nxn) i d e n t i t y m a t r i x . 
A l l the o t h e r e n t r i e s in A are zeros and they are r e p r e s e n t e d 
b y the zero m a t r i c e s shown in ( 3 . 8 6 ) . 
The r i g h t h a n d side v e c t o r b can be d e f i n e d in t e r m s 
of the o r i g i n a l m o d e l as f o l l o w s : 
b t = ( b M ' b D ' b x ) ( 3 * 9 2 ) 
W h e r e b M c o n t a i n s all the b u d g e t a m o u n t s for the p l a n n i n g 
p e r i o d : 
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b * = (M Q, M 1 #... M T ) (3.93) 
V e c t o r b D is also a (T+1) column v e c t o r w h i c h c o n t a i n s 
the m i n i m u m d i v i d e n d p a y m e n t set by the c o m p a n y ' s p o l i c y . A 
m i n u s sign has been a d d e d b e c a u s e the o r i g i n a l i n e q u a l i t y 
(3.52) w a s t r a n s f o r m e d into s t a n d a r d form: 
b * = (-D . , -D -D . ) (3.94) D m m ' m m ' m m 
V e c t o r b is just a column of o n e s . 
F i n a l l y , let u, the dual v a r i a b l e v e c t o r be d e f i n e d 
in a w a y c o n v e n i e n t for our c a s e : 
= (HM' HD' H ^ (3.95) 
T h i s u is a [n + 2(T+1)] c o l u m n v e c t o r w h i c h c o n t a i n s 
the dual v a r i a b l e s c o r r e s p o n d i n g to the b u d g e t , d i v i d e n d 
p o l i c y , and n o n n e g a t i v i t y c o n s t r a i n t s . T h e v a r i a b l e s a p p e a r 
at the left h a n d side in the o r i g i n a l m o d e l . u „ as w e l l as 
—M 
u h a v e a size [(T+1) x 1 ] , w h i l e u a size (n x 1 ) . 
A f t e r r e d e f i n i n g e v e r y v a r i a b l e of the o r i g i n a l m o d e l 
in terms of t h o s e used in the g e n e r a l q u a d r a t i c m o d e l , let us 
r e w r i t e ( 3 . 5 9 ) : 
A f c u - 2Qz >_ q (3.59) 
A f t e r s u b s t i t u t i n g the v a l u e s o f A, Q, and q, four i n e q u a l i t i e s 
m a y be o b t a i n e d w h i c h a r e : 
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A t x — M + A X H x " 2 I Q X X £ + V + QJ| w + Q * x D ] i q x ( 3 . 9 6 ) 
A t v " 2 [ Q V X 5 + Q v v Z + w + Q * v D] >_ q v ( 3 . 9 7 ) 
A t w — M " 2 [ Q w x 2 + %v X + Q w w * + Q D W ° ] i % ( 3 - 9 8 ) 
A t D S M + ^ u D - 2 [ Q D x x + Q D D v + Q D w w + Q D D D] > q D ( 3 . 9 9 ) 
These four i n e q u a l i t i e s are the m a i n o b j e c t i v e of our 
o p t i m a l i t y a n a l y s i s , and each one is a n a l y z e d in the f o l l o w i n g 
p a g e s . Let us start w i t h ( 3 . 9 6 ) . A f t e r s u b s t i t u t i n g for 
c o r r e s p o n d i n g t e r m s , w e o b t a i n n i n e q u a l i t i e s , w h o s e g e n e r a l 
form is the f o l l o w i n g : 
T 2 c 0 a . n 
- * a - i ( V t + (u ) • + [ ( Z ai x-i + v -w )/c ( l + k ) T 
t=0 x : c 3 ( l + k ) i j=l D 3 1 1 J 
(3.100) 
1 T D t a ' 
~ MI 1 £ Z"] 2l RP j = 1,2, . . . , II 
1 t=l (1+k) ̂  (1+k) 
th t h W h e r e (u.J, is the t term of u R,, and (u ) . the j term of M t —M x j 
u . The first t e r m b e t w e e n the b r a c k e t s of the last e l e m e n t — x 
is just the t e r m i n a l w e a l t h , so (3.100) in s h o r t e r n o t a t i o n 
b e c o m e s : 
- I a . j u j . + ( u J , + 2-L= [ 5 1 _ 2 
t = 0 t D M t x j C 3 ( 1 + k ) T L C 3 ( 1 + k ) T T+1 t = Q ( 1 + k ) t 
. a j -i - 1 9 n (3.101) 
— D - 1 , 2 , . . . , n T 
(1+k) 1 
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The p r i m a l v a r i a b l e a s s o c i a t e d w i t h this c o n s t r a i n t 
T 2c a c 
(u ) = z a (u ) + * T 
X J t = o ^ 1 1 r c 3 ( l + k ) c 2 ( c 3 ( l + k ) 
(3.102) 
1 T D t 
+ T+ T Z 1 ] 3 £ S 
1 + ± t=0 ( l + k ) r 
W h e r e S is the set of a c c e p t e d p r o j e c t s . 
T h i s e q u a t i o n is further r e d u c e d later. In o r d e r to 
do that, (3.97) s h o u l d be a n a l y z e d . H e r e again, a f t e r s u b ­
s t i t u t i n g the c o r r e s p o n d i n g v a l u e s in it, two g e n e r a l in­
e q u a l i t i e s are o b t a i n e d : 
( V t - ( 1 + r £ t + i ) ( V t + i ^ 0 ( 3 - 1 0 3 ) 
t = 0,1,..., T-1 
and 
2c T D 
< V T + ^ [ " T - T + T S H] ^ S ( 3-1 0 4 ) 
M 1 c 3 ( l + k ) 1 c 3 ( l + k ) 1 A + J " t=0 ( l + k ) r ( 1 + k ) 1 
W h e r e (u„). is the t**1 e l e m e n t of u. . 
M t —t 
I n e q u a l i t y (3.103) may be r e w r i t t e n a s : 
( 1 + r £ t + l } i (u ) ( 3 * 1 0 5 ) J t r + J - ^ U M ; t + l 
is the d e c i s i o n v a r i a b l e x.. If x. is a c c e p t e d , (3.100) 
3 3 
b e c o m e s an equality by the K u h n - T u c k e r c o n d i t i o n s , and it 
m a y be r e w r i t t e n a s : 
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T h i s i n e q u a l i t y is a l o g i c a l result and can be com­
p a r e d to the left h a n d p a r t of ( 3 . 2 6 ) . It shows that the 
r a t i o o f the dual v a r i a b l e s a s s o c i a t e d w i t h the b u d g e t c o n ­
s t r a i n t s for two s u b s e q u e n t y e a r s should be g r e a t e r than or 
e q u a l to one p l u s the l e n d i n g r a t e . 
S i m i l a r r e l a t i o n s h i p s are o b t a i n e d from ( 3 . 9 8 ) : 
- ( u M ) t + d + r b t + 1 ) <Vt+l - ° 11 = T ~ 1 < 3 - 1 0 6 > 
and 
, 1 - 2 C 2 , G- _ ± _ ? D t , 
4 - m L m m i l ^ J - J > M t c 3 ( l + k ) T c 3 ( l + k ) T T + 1 t=0 ( 1 + k ) 1 ( l + k ) T 
(3.107) 
C o m b i n i n g (3.105) and ( 3 . 1 0 6 ) , w e o b t a i n the c l a s s i c a l 
r e l a t i o n s h i p a m o n g the l e n d i n g and b o r r o w i n g r a t e s , and the 
b u d g e t c o n s t r a i n t dual v a r i a b l e s : 
( 1 + r £ t + i ' 1 7 ^ ~ I - ( 1 + r b t + i > ' ( 3 - 1 0 8 ) 
On the o t h e r hand, it m a y be seen that b o t h i n e q u a l i t i e s 
(3.104) and (3.107) c o m b i n e d b e c o m e one e q u a t i o n w h i c h m a y 
be w r i t t e n as f o l l o w s : 
2c c T D 
( V t = H ~ T + TTT 1 ( 3 ' 1 0 9 
M Z c 3 ( l + k ) i l c 2 c 3 ( l + k ) T 1 + 1 t=0 ( l + k ) * 
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We h a v e found a r e l a t i o n s h i p for Cu..) m as a f u n c t i o n of the 
c M T 
p a r a m e t e r c 2 , c^, the d i s c o u n t r a t e , the t e r m i n a l w e a l t h and 
the s t r e a m of d i v i d e n d s . In the b a s i c h o r i z o n m o d e l of 
W e i n g a r t n e r , ( U M ) T i s e q u a l to o n e . 
E q u a t i o n (3.109) is now s u b s t i t u t e d into (3.102) and 
w e o b t a i n : 
( V j = tl 0 a t j ( V t + a j ( u M » T ( 3 - 1 1 0 ) 
j e S 
T h i e e q u a t i o n is s i m i l a r to (3.35) of the li n e a r m o d e l . 
F r o m c o m p l e m e n t a r y s l a c k n e s s ( 1 ) , w e k n o w that if 
p r o j e c t j is p a r t i a l l y a c c e p t e d , (u ) . b e c o m e s z e r o : 
J0 a t j < V t + a j < V t = 0 ( 3 - l i ; L ) 
j e 
w h e r e is the set of p r o j e c t s p a r t i a l l y a c c e p t e d . W h a t 
(3.111) m e a n s is that if the right h a n d side of (3.53) w e r e 
a l l o w e d to be o n e un i t m o r e , the net i n c r e m e n t of the a c c e p ­
t a n c e of p r o j e c t j w o u l d be zero. Put it in a n o t h e r w a y , 
e v e n t h o u g h p r o j e c t j co u l d be u n d e r t a k e n s e v e r a l t i m e s , the 
m o d e l w o u l d still s e l e c t it f r a c t i o n a l l y . 
F r o m ( 3 . 9 9 ) , w e m a y o b t a i n : 
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(3.112) 
2 c 2 Q . 1 T
 DT 
(U ) . ~ (u ) 1 [ T " T+T E T] 
M r U • (T+1) ( 1 + k ) r c 3 ( l + k ) 1 1 1 T=0 ( 1 + k ) 1 1 
(3.113) 
+ 2 c 1 ( D t _ 1 + 2 D t + D t + 1 ) > — — t 
(1+k) 
T = 1 , 2 , . . . , T-1 
< , 2 C 2 . G- JL T D t . 
^ UM't ^ U D T T T ~" T+1 t J 
M r u 1 (T+1) ( 1 + k ) 1 c 3 ( l + k ) 1 1 1 t=0 ( 1 + k ) 1 1 
+ 2c [D , + D ] > t = T 
1 1 -1 1 ( 1 + k ) 1 
(3.114) 
K n o w i n g from (3.109) that 
2 C 2 _ . G- JL_ * °t , ^ _ r r > _ _ 1 , 
T 1 M , , , T T+1 . rt ,,.,.,t J T+1 L l U M ; T " „ ,,,T J (T+1)(1+k) c 3 ( l + k ) A x t=0 ( 1 + k ) " (1+k) 
(3.115) 
We m a y r e w r i t e (3.114) in a simpler w a y : 
c c 
(VT 11 + T+VI-'VT + 2CI(DT-I+V I 7^RTL+ FIR' (3-116) 
(1+k) 
N o t e that if D f c is s t r i c t l y g r e a t e r than D m ^ n / its 
a s s o c i a t e d slack w i l l be n o n z e r o and from c o m p l e m e n t a r y 
s l a c k n e s s , ( u D ) t is zero. In a d d i t i o n , g i v e n that D f c is 
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q r e a t e r than D . , i t s a s s o c i a t e d dua l c o n s t r a i n t w i l l be ^ mm 
t i g h t . I f t h i s i s the c a s e , ( 3 . 1 1 2 ) , (3.113) and (3.116) 
may be r e w r i t t e n as f o l l o w s : 
c ^ d + k ) t=0 (1+k) 
t = 0 (3.117) 
0 m m 
2 = 2 r qi i_ I D t 1 + 
(u ) - L T T+1 t J 
M t ( T + 1 ) ( 1 + k ) * c 3 ( 1 + k ) t = 0 (I**) (3.118) 
i v t - i "~t "t+r n ± u t 
(1+k) 
D. > D . 
t mm 
c c 
{ V T [ 1 + T + T ] + 2 C 1 ( D T - 1 + V = " ^ T [ 1 + T + T ] ( 3 ' 1 1 9 ) 
t = T 
D_ > D . T mm 
Note t h a t the i n v e r s e o f the " h o r i z o n p a y - o u t " i s i n v o l v e d i n 
t h i s e q u a t i o n . 
The o b j e c t i v e f u n c t i o n (3.56) may be expressed i n terms 
o f the v a r i a b l e s o f our n o n l i n e a r model as f o l l o w s : 
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M i n i m i z e : 
£ ( u ) = £ [ £ a (u ) + a (u ) T ] (3.121: 
j = l X 3 jeS t=0 r J M r J 1 1 
j e S 
and s u b s t i t u t i n g it in the o b j e c t i v e f u n c t i o n : 
M i n i m i z e : 
j0<Vt[Mt+ *satj> + jls V V T 
(3.122 
T t 
~tlQ ( V t D m i n ~ — ^— 3 e S 
T h i s e q u a t i o n m a y be compared w i t h (3.44) of the linear 
m o d e l . R e c a l l that (3.44) is i n d e p e n d e n t of p a r a m e t e r s c^ and 
c^. H o w e v e r , for the n o n l i n e a r c a s e , (3.122) d e p e n d s on all 
thre e p a r a m e t e r s , c^, c^, and c^, w h i c h are embedded in the Q 
m a t r i x . 
R a n g e of P a r a m e t e r s of the N o n l i n e a r M o d e l 
Given the w a y in w h i c h the p a r a m e t e r s are de f i n e d in 
Z (u ) t M - Z % ) t D m i n + " ^ n - - t Q - ( 3 * 1 2 ° t=0 t=0 j=l J 
The z^Qz^ are just the q u a d r a t i c terms of the p r i m a l o b j e c ­
tive f u n c t i o n . 
U s i n g (3.110) w e o b t a i n : 
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the n o n l i n e a r m o d e l , their i n t e r p r e t a t i o n is s l i g h t l y d i f ­
f e r e n t from that of the linear c a s e . P a r a m e t e r c^, for 
e x a m p l e , is the w e i g h t assigned to the q u a d r a t i c d i f f e r e n c e s 
of d i v i d e n d s , w h i l e in the first c a s e to the slope of a linear 
r e g r e s s i o n on d i v i d e n d s . P a r a m e t e r in the f i r s t c a s e 
w o r k e d a g a i n s t the v a r i a b i l i t y b e t w e e n t e r m i n a l w e a l t h and 
d i v i d e n d s , w h i l e in the p r e s e n t m o d e l a g a i n s t the q u a d r a t i c 
d i f f e r e n c e of the same term. P a r a m e t e r c^ is b a s i c a l l y d e f i n e d 
in the same w a y . B e c a u s e of t h e s e r e a s o n s , the r a n g e of 
the p a r a m e t e r s of the linear m o d e l m a y a l s o be d i f f e r e n t 
from t h o s e of the n o n l i n e a r c a s e , except p e r h a p s for p a r a ­
m e t e r c^. 
T h e r a n g e for p a r a m e t e r c^ can be o b t a i n e d from an 
a n a l y s i s of either ( 3 . 1 1 7 ) , ( 3 . 1 1 8 ) , or ( 3 . 1 1 9 ) . T h i s simple 
a n a l y s i s is based on the a s s u m p t i o n that the d i v i d e n d p a y m e n t s 
are g r e a t e r than D . . In such a c a s e , the slack v a r i a b l e s 
m i n 
a s s o c i a t e d w i t h the d i v i d e n d p o l i c y c o n s t r a i n t s (3.52) w o u l d 
be n o n z e r o , and t h e r e f o r e their c o r r e s p o n d i n g d u a l s ( u D ) t / 
z e r o . M o r e o v e r ( u M ) t is a l w a y s n o n n e g a t i v e and b e c a u s e of 
t h i s , ( 3 . 1 1 7 ) , ( 3 . 1 1 8 ) , and (3.119) can be r e w r i t t e n as 
f o l l o w s : 
2c . T D 
1 + ± r 9. £_ y _ t 1 T+1 T T+ 1 t J 
i + ± c - d + k ) 1 1 + 1 t=0 ( l + k ) t 
1 - 2(D + D ) . 
U (3.123) 
0 m i n 
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2C + T D Z 2 (T 1_ 1 t 
L m m_i_ T +- J (1+K)1 (T+1) (1+K)1 C3(L+K)T T + 1 T=0 (1+K)11 
2(DT - 1 + 2DT + D t + 1 ) 
1,2,. . . , T-1 
(3.124) 
D. > D . T MIN 
C3 
[1 + T^T] N . . . T T+1 c < I -L+KJ /o 1 9 5 ) 
DM > D . T MM 
THE SEARCH FOR FINDING THE RANGE OF Ĉ  MAY START WITH 
(3.125) BECAUSE IT IS THE LESS COMPLEX INEQUALITY OF THOSE 
SHOWN ABOVE. SETTING IN ADVANCE A VALUE FOR THE "HORIZON 
PAY-OUT," REASONABLE VALUES FOR DT_-̂  ANC^ DT CAN BE ASSUMED. 
THESE ASSUMPTIONS SHOULD BE BASED ON THE DECISION-MAKER'S 
SUBJECTIVE JUDGMENT ABOUT THE COMPANY'S POTENTIAL EARNINGS 
WITHIN THE PLANNING PERIOD AS WELL AS ABOUT THE STOCKHOLDERS' 
INCOME DESIRES. WITH THOSE ASSUMPTIONS ON HAND, OBTAINING AN 
UPPER BOUND FOR Ĉ  REPRESENTS NO PROBLEM. THE LOWER BOUND FOR 
Ĉ  BASICALLY IS ZERO, AN EXTREME CASE, IN WHICH THE MODEL LETS 
THE DIVIDENDS VARY FREELY. 
USEFUL INFORMATION MAY ALSO BE OBTAINED FROM (3.123) 
AND (3.124). GIVEN THAT THE OBJECTIVE OF THE COMPANY ACCORDING 
TO OUR MODEL IS TO HAVE THE DIFFERENCE BETWEEN TERMINAL WEALTH 
AND DIVIDENDS AS LOW AS POSSIBLE, THIS DIFFERENCE MIGHT BE 
ASSUMED ZERO: 
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c, < TTT^ T ^ X D > D . (3.126) 
1 - 2 (D + D 1 ) 0 m i n 
o < f (3.127) 
2 ( D t _ 1 + 2 D t + D t - 1 ) ( l + k ) 
D, > D . t m m 
t = 1,2,..., T-1 
Here again, assumptions should be made about the dividends 
in question. Even though helpful, the use of (3.123) and 
(3.124) is not as strongly suggested by the author as (3.125) 
because this inequality requires fewer assumptions than the 
first two. 
The range for parameter c^ can be obtained from analysis 
of (3.109). Given that ( u M ) m should always be nonnegative, 
we can say that: 
c . 1 T D 
^ > 2 [ — ± T " ~T Z ~ ] (3.128) 
c 2 c 3 ( l + k ) i 1 + 1 t=0 (1+k) 1 1 
An initial idea of the value of the term between brackets is 
needed. Ideally, it would be zero, but conjecturing in 
advance, it will seldom be obtained in this nonlinear model. 
The difference value depends upon the investments and divi­
dends under analysis. 
The range of c^ is set using the same criteria as in 
the linear model: the ratio (T+l)/c 3 was defined before as 
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some " h o r i z o n pay -ou t " r a t i o g i v e n t ha t a t the optimum i t 
i s equa l to the r a t i o of the t i m e - z e r o p resen t worth of 
d i v i d e n d payments to the t ime -ze ro p resen t worth of t e r m i n a l 
w e a l t h . As s t a ted b e f o r e , t h i s r a t i o may be s e t up as an 
o b j e c t i v e and so the v a l u e or v a l u e s of c ^ . 
Summary 
I n t h i s c h a p t e r , two mode ls , one l i n e a r and one non­
l i n e a r , have been p r e s e n t e d . Through the use of d u a l i t y 
t h e o r y , an a n a l y s i s has been made of t h e i r expected r e s u l t s 
a t o p t i m a l i t y c o n d i t i o n s . I n the next c h a p t e r , both models 
a r e t es ted under s i m i l a r c o n d i t i o n s , and the c o n c l u s i o n s 
ob ta ined i n t h i s chapter w i l l be u s e f u l i n e v a l u a t i n g the 
per formance of the mode ls . 
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C H A P T E R IV 
C O M P U T A T I O N A L R E S U L T S 
P r o b l e m S e l e c t i o n 
In o r d e r to study the b e h a v i o r of o u r m o d e l s , two 
sets of p r o j e c t s are used. B o t h sets of p r o j e c t s follow 
n e a r l y the same p a t t e r n of cash f l o w s , but they d i f f e r in 
the r a t e s of return of the p r o j e c t s . The rates of r e t u r n of 
m o s t of the p r o j e c t s of the first set are n e a r 10 p e r c e n t 
and the d i s c o u n t rate used is 9.5 p e r c e n t . This p e c u l i a r 
set of r a t e s of return was s e l e c t e d a f t e r finding that the 
l i n e a r m o d e l h a s a low s e n s i t i v i t y r e g a r d i n g the p r o j e c t s ' 
rate of r e t u r n . T h i s w i l l be seen l a t e r in the second set, 
in w h i c h the rates of r e t u r n of the p r o j e c t s f l u c t u a t e from 
7 p e r c e n t to 13 p e r c e n t ; w h e n a d i s c o u n t rate of 10 p e r c e n t 
is used, r e s u l t s w h i c h are c o m p l e t e l y i n d e p e n d e n t of c^ and 
c 2 are o b t a i n e d . T h e n o n l i n e a r m o d e l d o e s not e x h i b i t such 
b e h a v i o r , and for both sets of p r o j e c t s , d i f f e r e n t r e s u l t s 
are o b t a i n e d for e a c h p a r a m e t e r v a l u e . 
In the first set of p r o j e c t s , 9 p e r c e n t and 10.1 p e r c e n t 
l e n d i n g and b o r r o w i n g r a t e s , r e s p e c t i v e l y , are used for the 
same r e a s o n e x p l a i n e d a b o v e , w h i l e in the second c a s e , 8 p e r ­
cent and 12 p e r c e n t are used. A h o r i z o n of 5 y e a r s is taken 
for b o t h c a s e s . T h e two sets o f p r o j e c t s are shown in F i g u r e 
4.1 and 4.2. 
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t 0 1 2 3 4 5 6 7 
Project ROR(%) 
15 15 9.4 05 
1 j j j 1 1 f 10 
10 10 10 
7.5 17.5 5.831 4 8 . 4 3 8 
j t f f I 9 . 2 5 
60 
5 10 20 16.77 
i . 1 t 1 1 1 
20 10 5 
17.5 17.05 
H - 1 
30 
20 25 40.957 
15 15 15 15 
20 25 28.825 





60 80 80 














1 1 1 
10 10 13.09 
F i g u r e 4.1. C a s h F l o w s of P r o j e c t Set 1. 
N O T E : B u d g e t c o n s t r a i n t for t = 0 is 7 0 , 0 0 0 
and for o t h e r y e a r s 1 5 , 0 0 0 . A l l the c a s h flows 
are in t h o u s a n d s of d o l l a r s . 
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T 0 1 2 3 4 5 6 7 
PROJECT ROR(I) 
17.858 15 9.405 
I I I ' ' ] 
10 10 10 
7.5 17.5 5.831 56. 721 
60 
10 2.0 16.77 
5 10 20 16, 
, • T , \ \ T 
20 9.335 5 17.28 17.05 
H - 1 30 20 25 37.823 
l I I 
L I L T 
15 15 15 15 
23.702 25 28.825 
40 









10 J—J I 8 . 5 
10.266 10 13.09 
F i g u r e 4.2. C a s h F l o w s of P r o j e c t Set 2. 
N O T E : B u d g e t c o n s t r a i n t for t = 0 is 7 0 , 0 0 0 , 
and for o t h e r y e a r s 1 5 , 0 0 0 . A l l the C a s h flows 
are in t h o u s a n d s of d o l l a r s . 
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The way in w h i c h the a n a l y s i s of the b e h a v i o r of the 
m o d e l s is p r e s e n t e d in this c h a p t e r is as f o l l o w s : u s i n g four 
p r e d e t e r m i n e d v a l u e s of the p a r a m e t e r s c^, c^, and c^, 64 
3 
c o m p u t e r runs are m a d e (a 4 f a c t o r i a l e x p e r i m e n t ) for e a c h 
set o f p r o j e c t s , for e a c h m o d e l . Some runs for the linear 
m o d e l are n o t m a d e b e c a u s e they are i n f e a s i b l e a c c o r d i n g to 
the rules o b t a i n e d in the "range of p a r a m e t e r s " of the last 
c h a p t e r . W i t h the h e l p of p l o t s o f s e v e r a l r e s p o n s e s of the 
m o d e l s a g a i n s t c^, c^, and c^, a c o m p l e t e a n a l y s i s is m a d e 
and c o n c l u s i o n s are d r a w n . F i n a l l y , the o p t i m a l i t y c o n d i ­
tions in C h a p t e r III are c h e c k e d to i n v e s t i g a t e w h e t h e r or 
not they a g r e e w i t h the n u m e r i c a l r e s u l t s . B e f o r e g e t t i n g 
into the a n a l y s i s m e n t i o n e d a b o v e , an e x p l a n a t i o n of the 
a l g o r i t h m s used is p r e s e n t e d . 
D e s c r i p t i o n of A l g o r i t h m s 
L i n e a r M o d e l 
The l i n e a r p r o g r a m m i n g code EZLP (11) w a s used to m a k e 
the r u n s of the l i n e a r m o d e l b e c a u s e of the a d v a n t a g e s in 
data input w h i c h that p r o g r a m h a s . H o w e v e r , g i v e n that 4 0 
r u n s s h o u l d be m a d e using d i f f e r e n t trios of p a r a m e t e r s 
v a l u e s w h i c h p r o d u c e d i f f e r e n t c o e f f i c i e n t s in the o b j e c t i v e 
f u n c t i o n as w e l l as in the c o n s t r a i n t s , a F O R T R A N p r o g r a m 
c a l l e d M O D E L 1 w a s w r i t t e n for c o m p u t i n g the v a r i o u s c o e f f i ­
c i e n t s and for c r e a t i n g the d a t a input file for E Z L P . 
F i g u r e 4.3 shows the m a i n steps of the s o f t w a r e used in the 
linear m o d e l r u n s . 
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F i g u r e 4.3. M a i n S t e p s of the S o f t w a r e of the L i n e a r M o d e l . 
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The steps shown in F i g u r e 4.3 r e p r e s e n t a b o u t 2 0 com­
m a n d s w h i c h s h o u l d be typed in the i n t e r a c t i v e t e r m i n a l for 
o b t a i n i n g o n e set of r e s u l t s . To avoid d o i n g that e a c h time 
a run is m a d e , a S U B M I T file c o n t a i n i n g all the c o m m a n d s in 
q u e s t i o n is used. Its code is shown in A p p e n d i x A. 
M O D E L 1 has s e v e r a l c h a r a c t e r i s t i c s w h i c h should be 
e x p l a i n e d f u r t h e r : 
a) M O D E L 1 r e q u i r e s the use o f a d a t a file c o n t a i n i n g the 
p r o j e c t c a s h f l o w s , the b u d g e t c o n s t r a i n s , and the b o r ­
r o w i n g and l e n d i n g r a t e s . O n l y p r o j e c t s w i t h c a s h flows 
b e t w e e n t=0 and t=10 are a l l o w e d . T h u s the cash flow 
i n f o r m a t i o n is c o n t a i n e d in a m a t r i x of size (11 x 1 1 ) . 
b) The p a r a m e t e r s c^, c^, c^, the l e n g t h of the h o r i z o n , 
the m i n i m u m d i v i d e n d p a y m e n t , and the d i s c o u n t rate used 
are i n p u t w i t h i n the p r o g r a m u s i n g the c o m m a n d DATA. 
The m a x i m u m length of the h o r i z o n is 10 y e a r s . 
c) M O D E L 1 a d d s the d i f f e r e n t c o e f f i c i e n t s r e l a t e d to the 
same v a r i a b l e and g i v e s the sum, s i m p l i f y i n g the o b j e c ­
tive f u n c t i o n . 
d) A s s h o u l d have been a n t i c i p a t e d , c^ is not a l l o w e d to be 
zero. 
The c o m p l e t e code of M O D E L 1 is p r e s e n t e d in A p p e n d i x B. 
N o n l i n e a r M o d e l 
A m o n g the n o n l i n e a r p a c k a g e s a v a i l a b l e at G e o r g i a T e c h , 
the best p r o g r a m w h i c h s a t i s f i e s the r e q u i r e m e n t s of the n o n ­
l i n e a r m o d e l is B e a l e ' s Q u a d r a t i c P r o g r a m m i n g M e t h o d w i t h i n 
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the MPOS p a c k a g e ( 1 6 ) . B e a l e ' s m e t h o d s o l v e s q u a d r a t i c 
p r o b l e m s o f the g e n e r a l form shown in C h a p t e r I I I . It w o r k s 
w e l l , a c c o r d i n g to the M P O S m a n u a l , w i t h q u a d r a t i c p r o b l e m s 
c o n t a i n i n g a h i g h n u m b e r o f zero e n t r i e s in the m a t r i x Q 
(see 3 . 5 5 ) . F u r t h e r a n a l y s i s o f the a d v a n t a g e s of 
B e a l e ' s m e t h o d are b e y o n d the scope o f this t h e s i s . 
A s in the linear c a s e , 64 runs are m a d e at four d i f ­
ferent l e v e l s for e a c h o n e of the p a r a m e t e r s . H e r e a g a i n , a 
FORTRAN p r o g r a m c a l l e d M O D E L 2, is set up for c o m p u t i n g the 
m o d e l c o e f f i c i e n t s . 
M P O S has s e v e r a l o p t i o n s for d a t a input. G i v e n the 
n u m b e r of v a r i a b l e s i n v o l v e d in o u r c a s e , as w e l l as the h i g h 
n u m b e r of zeros e n t r i e s in m a t r i x Q, the P A C K A G E form (16) 
w a s used in w h i c h just the n o n - z e r o c o e f f i c i e n t s are input 
(all o t h e r s are a s s u m e d z e r o ) . M O D E L 2 is set up so that it 
gives as o u t p u t a data file w h i c h can be used as input, 
a c c o r d i n g to the P A C K A G E form. B a s i c a l l y , this d a t a input 
form has t h e f o l l o w i n g c h a r a c t e r i s t i c s : 
a) T h e r e are as m a n y lines as n o n - z e r o c o e f f i c i e n t s in the 
q u a d r a t i c p r o b l e m . 
b) E a c h line c o n t a i n s the row n u m b e r (row zero m e a n s the 
o b j e c t i v e f u n c t i o n ) to w h i c h the c o e f f i c i e n t b e l o n g s , the 
v a r i a b l e n u m b e r r e l a t e d to that c o e f f i c i e n t , and the 
c o e f f i c i e n t i t s e l f . A d o u b l e v a r i a b l e m e a n s that the 
c o e f f i c i e n t in q u e s t i o n b e l o n g s to a q u a d r a t i c term. 
A s in the l i n e a r c a s e , a S U B M I T file is used to m a k e 
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the runs in o r d e r to avoid the typing of n e a r l y 30 c o m m a n d s 
in e v e r y run. T h e m a i n steps of the s o f t w a r e used are shown 
in F i g u r e 4.4, and the S U B M I T file is listed in A p p e n d i x C. 
M O D E L 2 had e x a c t l y the same data r e q u i r e m e n t s as w e l l as 
l i m i t a t i o n s as M O D E L 1. A copy of its FORTRAN code is in 
A p p e n d i x D. 
L i n e a r M o d e l R e s u l t s 
Range of P a r a m e t e r s 
The r e l a t i o n s h i p s e s t a b l i s h e d in C h a p t e r III for d e t e r ­
m i n i n g the r a n g e s of the p a r a m e t e r s c^, c 2 , and c^ w e r e 
o b s e r v e d . H o w e v e r , that w a s not s u f f i c i e n t and s e v e r a l 
a d d i t i o n a l r u n s w e r e m a d e for f i n d i n g the best r e g i o n of 
i n t e r e s t . 
F o r the p r o j e c t set shown b e f o r e , and using ( 3 . 3 3 ) , 
( 3 . 4 7 ) , and ( 3 . 4 8 ) , it is easy to show t h a t : 
1) c^ s h o u l d b e less than o r equal to 17.5 
2) c 2 s h o u l d be less than or e q u a l to 6, and also 
less than c^. 
T h e a u t h o r f o u n d that for c.^, a r e g i o n c o n s i d e r e d of i n t e r e s t 
is b e t w e e n 0.5 a n d 1 0 , w h i l e for c 2 , b e t w e e n 0.5 and 4. T h u s , 
the four l e v e l s s e l e c t e d for c^ and c 2 turn o u t to be 0.5, 
2, 8, 1 0 , and 0.5, 1.5, 2.5, 4, r e s p e c t i v e l y . 
The range of c^ is f o u n d u s i n g the c r i t e r i a d i s c u s s e d 
in the last c h a p t e r . The ratio ( T + l ) / c 3 w a s d e f i n e d as the 
"horizon p a y - o u t " and w i t h this in m i n d , the v a l u e of c-, 
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g u r e 4.4. M a i n S t e p s of the S o f t w a r e of the N o n l i n e a r M o d e l . 
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s h o u l d be c h o s e n in such a w a y that it s a t i s f i e s t h e c o m p a n y ' s 
p o l i c y r e q u i r e m e n t s . T h e a u t h o r tried ratios from 1.2 to 6 
w i t h e x c e l l e n t r e s u l t s . T h e r a t i o v a l u e s imply v a l u e s of c^ 
from 1 to 5. T h e r e f o r e , the four v a l u e s of c^ used in the 
runs are 1, 2, 4, and 5. 
P e r f o r m a n c e C r i t e r i a 
It is clear t h a t in o r d e r to e v a l u a t e the p e r f o r m a n c e 
of the m o d e l , some c r i t e r i a s h o u l d be d e f i n e d . T h e s e c r i t e r i a 
r e p r e s e n t the i n f o r m a t i o n w h i c h the d e c i s i o n - m a k e r s h o u l d 
a n a l y z e to d e t e r m i n e w h e t h e r or n o t the r e s u l t s o b t a i n e d , 
g i v e n c e r t a i n v a l u e s o f c^, c^, c^, s a t i s f y the c o m p a n y ' s 
p o l i c y as w e l l as the s t o c k h o l d e r s ' d e s i r e s . A n o t h e r r e a s o n 
w h y we m u s t d e f i n e some c r i t e r i a is the fact that t h e r e are 
m a n y d i f f e r e n t r e s u l t s , d e p e n d i n g on d i f f e r e n t sets of v a l u e s 
for c^, c 2 / and c^. E v e r y one of t h o s e r e s u l t s m a y be "best" 
d e p e n d i n g upon the c r i t e r i a as w e l l as the o b j e c t i v e s of the 
m o d e l u s e r . 
T h r e e g e n e r a l c r i t e r i a h a v e been s e l e c t e d by the 
a u t h o r , w h o c o n s i d e r s t h a t they aive s u f f i c i e n t i n f o r m a t i o n 
for e v a l u a t i n g t h e r e s u l t s f o r r e s e a r c h p u r p o s e s . T h e s e 
c r i t e r i a are the f o l l o w i n g : 
a) T h e t e r m i n a l w e a l t h G", w h i c h c o n t a i n s i n f o r m a t i o n a b o u t 
the c o m p a n y ' s g r o s s e a r n i n g s c o m i n g from the p r o j e c t s 
s e l e c t e d as w e l l as from the l e n d i n g a c t i v i t i e s w i t h i n 
the h o r i z o n . 
b) T h e a v e r a g e of d i v i d e n d p a y m e n t s , d e f i n e d a s : 
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_ T D 
D = E ^ (4.1) 
t=0 1 x 
T h i s c o n t a i n s i n f o r m a t i o n a b o u t the a v e r a g e level of the pay­
m e n t s . T h i s is not e n o u g h for a s t o c k h o l d e r , b e c a u s e s o m e ­
t i m e s he m i g h t p r e f e r a low a v e r a g e level of d i v i d e n d s w i t h 
little v a r i a b i l i t y , to a h i g h a v e r a g e level w i t h g r e a t e r 
f l u c t u a t i o n s . So we also d e f i n e : 
c) The s t a n d a r d d e v i a t i o n of the s t r e a m of d i v i d e n d s w i t h i n 
the h o r i z o n , d e f i n e d as f o l l o w s : 
T 2 -2 E D - (T+1)D 
s = * = ° ¥ (4.2) 
B a s i c a l l y , the a n a l y s i s p r e s e n t e d in the f o l l o w i n g 
p a g e s is b a s e d on t h e s e t h r e e c r i t e r i a . It c o n s i s t s of a 
study of t h e c h a n g e s of those three m o d e l r e s p o n s e s g i v e n 
d i f f e r e n t v a l u e s of c.^, c 2 , and c 3 . F r o m this p a r a m e t r i c 
a n a l y s i s , a c o m p l e t e set of d i f f e r e n t s o l u t i o n s is a v a i l a b l e 
for the d e c i s i o n - m a k e r . 
P a r a m e t r i c A n a l y s i s 
U s i n g t h e l e v e l s s e l e c t e d b e f o r e for p a r a m e t e r s c^, 
c 2 / and c^, 4 0 runs w e r e m a d e for e a c h set o f p r o j e c t s . A 
group of s e l e c t e d r e s u l t s are shown in A p p e n d i c e s E and F. 
A l s o , the levels of the t e r m i n a l w e a l t h , a v e r a g e d i v i d e n d , 
and s t a n d a r d d e v i a t i o n of d i v i d e n d are shown in T a b l e s 4.1, 
4.2, and 4.3 for the first p r o j e c t set, and in T a b l e s 4.4, 
4.5, and 4.6 for the s e c o n d set. 
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Table 4.1. T e r m i n a l W e a l t h for P r o j e c t Set 1, L i n e a r M o d e l . 
c 3 




























































T a b l e 4.2. S t a n d a r d D e v i a t i o n for P r o j e c t Set 1, L i n e a r 
M o d e l . 
C 3 






































1 3 9 5 0 















1 4 9 6 0 
15097 
15097 
1 6 9 7 8 
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T a b l e 4.3. A v e r a g e D i v i d e n d for P r o j e c t Set 1, L i n e a r 
M o d e l . 



























































T a b l e 4.4. T e r m i n a l W e a l t h for P r o j e c t Set 2, L i n e a r 
M o d e l . 
C 3 



























































T a b l e 4.5. S t a n d a r d D e v i a t i o n for P r o j e c t Set 2, L i n e a r 
M o d e 1 . 





























































T a b l e 4 . 6 . A v e r a g e D i v i d e n d f o r P r o j e c t S e t 2 , L i n e a r 
M o d e l . 
c 3 
1 2 4 5 
0 . 5 
0 . 5 
1 . 5 
2 . 5 
4 
2 3 8 0 1 2 8 8 3 8 
2 8 8 3 8 
1 6 6 7 8 
1 6 6 7 7 
1 6 6 7 7 
1 5 1 6 5 
1 5 1 6 3 
1 5 1 6 3 
1 5 1 6 3 
2 
C 2 
0 . 5 
1 . 5 
2 . 5 
4 
2 3 8 0 1 2 8 8 3 8 
2 8 8 3 8 
1 6 6 7 8 
1 6 6 7 7 
1 6 6 7 7 
1 5 1 6 5 
1 5 1 6 3 
1 5 1 6 3 
1 5 1 6 3 
8 
0 . 5 
1 . 5 
2 . 5 
4 
2 3 8 0 1 2 8 8 3 8 
2 8 8 3 8 
1 6 6 7 7 
1 6 6 7 7 
1 6 6 7 7 
1 5 1 6 3 
1 5 1 6 3 
1 5 1 6 3 
1 5 1 6 3 
1 0 
0 . 5 
1 . 5 
2 . 5 
4 
2 3 8 0 1 2 8 8 3 8 
2 8 8 3 8 
1 6 6 7 8 
1 6 6 7 8 
1 6 6 7 7 
1 5 1 6 5 
1 5 1 6 5 
1 5 1 6 3 
1 5 1 6 3 
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It should be n o t e d that in the t a b l e s m e n t i o n e d above 
t h e r e are 24 e n t r i e s left b l a n k . T h o s e e n t r i e s b e l o n g to 
sets of p a r a m e t e r s in w h i c h c 2 is not less than c^, v i o l a t i n g 
( 3 . 3 3 ) . Runs for c 2 = 4 and c^ = 4, are a l s o s u p p r e s s e d 
b e c a u s e the s o l u t i o n is u n a f f e c t e d by t h e m and so there is 
no i n t e r e s t in showing them. 
F i r s t , let us c o n s i d e r p r o j e c t set 1. L o o k i n g at 
T a b l e s 4.1, 4.2, and 4.3, it m a y be seen that c^ as w e l l as 
c 2 do n o t cause any c o n s i d e r a b l e e f f e c t on G", s o r 6, and 
that the p a r a m e t e r w h i c h c o n t r o l s the r e s p o n s e is c^. E v e n 
t h o u g h c^ and c 2 do not a f f e c t t h o s e t h r e e r e s p o n s e s , they 
o b t a i n d i f f e r e n t s t r e a m of d i v i d e n d p a y m e n t s for the same 
l e v e l s o f G", s, and D, w h i c h is an i n t e r e s t i n g r e s u l t 
(see A p p e n d i x E ) . The d e c i s i o n - m a k e r t h u s has s e v e r a l a l t e r ­
n a t i v e s a m o n g w h i c h he m a y c h o s e . 
The r e a s o n w h y n e i t h e r c^ n o r c 2 a f f e c t G', s, and D 
is c l e a r l y seen in ( 3 . 4 4 ) . We m a y o b s e r v e that the d u a l 
o b j e c t i v e f u n c t i o n , w r i t t e n in this way, is i n d e p e n d e n t of 
c^ and c 2 . 
T h e r e f o r e , the m a i n s u b j e c t of our a n a l y s i s is c^. 
P l o t s o f G", s, and D a g a i n s t c^ are shown in F i g u r e G - l , 
G - 2 , and G-3 in the a p p e n d i x . F i g u r e G-l shows G" v s . c^. 
It m a y be n o t e d that the t e r m i n a l w e a l t h i n c r e a s e s w h e n c^ 
i n c r e a s e s . N o t e that s a y i n g that c^ i n c r e a s e s is e q u i v a l e n t 
to s a y i n g that the "horizon p a y - o u t " is lowered, w h i c h implies 
the l o g i c a l r e s u l t of l o w e r d i v i d e n d s p a i d and h i g h e r 
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" r e t a i n e d e a r n i n g s " (terminal w e a l t h ) . 
O p p o s i t e e f f e c t s of c^ on s and D are found in 
F i g u r e s G-2 and G - 3 . B o t h the s t a n d a r d d e v i a t i o n and the 
a v e r a g e d i v i d e n d d e c r e a s e as c^ is i n c r e a s e d . T h e last is 
e x a c t l y w h a t has been e x p e c t e d . T h e r e a d e r s h o u l d r e m e m b e r 
that c^ is a p a r a m e t e r w h i c h h e l p s to m i n i m i z e the d i f f e r e n c e 
b e t w e e n t e r m i n a l w e a l t h and d i v i d e n d p a y m e n t s . A n o t h e r v i e w ­
p o i n t can be o b t a i n e d by r e w r i t i n g (3.28) in the f o l l o w i n g 
w a y : 
- ( l + k ) T c 3 f T = i + c 2 - c 3 (4.3) 
T h i s term a p p e a r s in the dual o b j e c t i v e f u n c t i o n shown 
in ( 3 . 4 4 ) , and a f t e r its s u b s t i t u t i o n , the dual o b j e c t i v e 
f u n c t i o n b e c o m e s : 
T A „ i + c ^ - c -
E [M + E a.-D . If + E a f + K D . f ' J ] (4.4) 
t=0 t j e S ' 3 m i n t jeS' 3 T m i n T + 1 
+ K D . m m 
G i v e n the s t r u c t u r e of the d u a l o b j e c t i v e f u n c t i o n 
s t a t e d as a b o v e , and k n o w i n g from (3.24) that i is c o n s t r a i n e d 
to b e n o n p o s i t i v e , w e m a y say that the o p t i m a l c o n d i t i o n for 
i is to be as n e g a t i v e as p o s s i b l e , s u b j e c t to ( 4 . 3 ) . O n e 
the o t h e r hand, there is n o t h i n g in (4.3) w h i c h can force 
i to be zero, so it m a y be c o n c l u d e d that i should a l w a y s 
be a n o n p o s i t i v e n u m b e r d i f f e r e n t from zero. In these c i r ­
c u m s t a n c e s , the p r i m a l c o n s t r a i n t (3.5) can be w r i t t e n as an 
8 1 
e q u a l i t y : 
" T = TTT Z H (4*5) 
(1+k) c 3 1 1 t=0 ( 1 + k ) 1 1 
It is clear from (4.5) that w h e n c^ is i n c r e a s e d , e i t h e r 
s h o u l d i n c r e a s e too, or the d i v i d e n d p a y m e n t s should d e c r e a s e . 
T h e a u t h o r found that the latter is true in e v e r y run for 
b o t h p r o j e c t s . 
O p t i m a l i t y A n a l y s i s 
F r o m a c u r s o r y look at the A p p e n d i x E , w e may n o t e that 
D~ as w e l l as D c are a l w a y s e q u a l to D . . T h i s is w e l l 0 5 J ^ m i n 
u n d e r s t o o d if w e e x a m i n e ( 3 . 3 9 ) , w h i c h is r e w r i t t e n h e r e : 
T 
, c (1+k) c c.+g 
K = ^ - r [1- J M ^ f m + ^TT] - f„ + [± - t] [- 1 t (i+k)11 T+1 T T+1 fc 2 c (4.6) 
It s h o u l d be n o t e d that if h t is s t r i c t l y less than 
zero, by the K u h n - T u c k e r c o n d i t i o n s D. w i l l be e q u a l to D . . J t n m i n 
T h i s is e x a c t l y w h a t h a p p e n s w h e n t = 0 and t = T in ( 4 . 6 ) . 
W h e n T = 0, fg, w h i c h w e k n o w is g r e a t e r than any o t h e r F , 
d o m i n a t e s (4.6) and m a k e s h ^ n e g a t i v e . W h e n t = T, f is 
T 
h e l p e d by the last term (- (c^+g)/C, w h i c h is also n e g a t i v e 
as w e may see in a n u m e r i c a l e x a m p l e . L e t ' s take at r a n d o m 
any of the runs of the p r o j e c t set 1: from T a b l e E-2 in the 
A p p e n d i x E - 2 , w e r e w r i t e : 
T D 
82 
x 3 = 1 x 4 = 1 x 5 = 0.7267 x 9 = 0.4701 x 1 Q = 1 
D Q = 5 , 0 0 0 D 1 = 7 , 1 0 9 D 2 = 4 6 , 1 4 0 D 3 = 5 , 2 4 6 D 4 = 5 , 0 0 0 D 5 = 5 , 0 0 0 
w 3 = 5 6 , 4 5 0 w 4 = 42,6 1 0 w 5 = 8,745 
Zero o t h e r w i s e 
The c o r r e s p o n d i n g dual v a r i a b l e s for this run (not 
shown in the a p p e n d i x ) turn o u t to b e : 
f Q = 1.015 ± 1 = 0.9227 f 2 = 0.8391 f = 0.7622 
f 4 = 0.6923 f 5 = 0.6288 
h A = - 0 . 0 0 1 8 1 6 h . = - 0 . 0 0 0 5 9 9 4 h c = 0.001947 U 4 D 
Z3 = 71.81 £ 4 = 4.686 Z1Q = 14.37 
g = - 1 . 9 2 9 
i = - 0.4798 
Zero o t h e r w i s e 
In a d d i t i o n we k n o w that the b o r r o w i n g and len d i n g 
r a t e s are 9 p e r c e n t and 10.1 p e r c e n t , r e s p e c t i v e l y , the 
d i s c o u n t rate 9.5 p e r c e n t , and the h o r i z o n 5 y e a r s . F r o m 
( 3 . 2 5 ) , w e k n o w that C = 1 7 . 5 . U s i n g (4.6) for t=0 and t = 5 , 
we o b t a i n : 
h Q - [1 - < 2 > < 1 - ° 9 5 ) 5 ( 0 . 6 2 8 8 ) + | ] - 1 . 0 1 5 + 
= - 0 . 0 0 1 4 8 4 ~ - 0 . 0 0 1 8 1 6 
h 5 = — 1 [1- ( 2 ) ( 1 ^ 9 5 ) 5 (0. 6 2 8 8 ) + | 3 - 0 . 6288 - f t 2 " 1 ! 9 ? 9 ] 
. 1. 0 9 5 b 6 6 2 17.5 
= - 0 . 0 0 1 6 5 2 = - 0 . 0 0 1 9 4 7 
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The a p p r o x i m a t i o n s are d u e to t h e loss of a c c u r a c y of the EZLP 
code in s o l v i n g the p r o b l e m . 
T h e rest o f the o p t i m a l i t y c o n d i t i o n s g i v e n in C h a p t e r 
III m a y also be c h e c k e d . L e t ' s c o n s i d e r ( 3 . 2 6 ) , the ratio of 
the d u a l v a r i a b l e s r e l a t e d to the p r i m a l b u d g e t c o n s t r a i n t s : 
1.09 < T - ^ - <_ 1.101 (4.7) 
r t + l 
It is e a s y to s h o w t h a t : 
f l f 2 1.100 ^ = 1.099 = 1.100 
*2 r 3 
f 4 
1.100 -rP- = 1.100 
r 5 
N o t e that all of t h e s e s a t i s f y ( 4 . 7 ) . F u r t h e r m o r e , all of 
them are n e a r l y at the u p p e r bound, w h i c h i m p l i e s b o r r o w i n g 
a c t i v i t i e s , as may be seen in the r e s u l t s . 
W e m a y also check ( 3 . 2 9 ) : 
i = (2) [ 1 - ( 1 . 0 9 5 ) 5 ( 0 . 6 2 8 8 ) ] - 0 . 5 = - 0 . 4 7 9 7 6 = - 0 . 4 7 9 8 
A n d also (3.35) for all the p r o j e c t s w h i c h are s e l e c t e d : 
i3 = (32,251.2) (0.6288)-(20,000) ( 0 . 9 2 2 7 ) - ( 1 0 , 0 0 0 ) (0.8391) 
+ (5000) (0. 7 6 2 2 ) - ( 5 0 0 0 ) (0.6923)+(10,000) (0.6288)=72.05 
= 71.81 
£ 4 = - ( 3 0 , 0 0 0 ) ( 1 . 0 1 5 ) + ( 1 7 , 5 0 0 ) ( 0 . 9 2 2 7 ) + ( 1 7 , 0 5 0 ) ( 0 . 8 3 9 1 ) = 3 . 9 0 6 
= 4.686 
8 4 
£ 1 0 = " ( 1 0 ' 0 0 ° ) d . 0 1 5 ) - ( 1 0 , 0 0 0 ) (0.9227) + (35,000) (0.8391) 
- ( 1 3 , 0 9 0 ) (0. 7622) = 1 4 . 32 = 1 4 . 37 
R e g a r d i n g F i g u r e G - l , G - 2 , and G - 3 , the t r a d e o f f 
b e t w e e n t e r m i n a l w e a l t h and the a v e r a g e d i v i d e n d is c l e a r l y 
s e e n . The d e c i s i o n - m a k e r m a y c h o o s e the p o i n t at w h i c h b o t h 
s a t i s f y his i n t e r e s t . T h e d i f f i c u l t y is that the s t a n d a r d 
d e v i a t i o n t e n d s to f o l l o w D. The s t a n d a r d d e v i a t i o n v a l u e s 
are as h i g h as D for all v a l u e s of c^. T h i s c o n s t i t u t e s one 
o f t h e d r a w b a c k s of the l i n e a r m o d e l . 
R e g a r d i n g the p r o j e c t s , w e m a y n o t e in A p p e n d i x 
E that b a s i c a l l y the same p r o j e c t s are s e l e c t e d in e a c h one 
of the r u n s . T h e p r o j e c t s w h i c h are s e l e c t e d are 3, 4, 5, 9, 
and 1 0 . P r o j e c t 3 is fully a c c e p t e d in all the r u n s , w h i l e 
the o t h e r s are p a r t i a l l y s e l e c t e d in o n e run and fully in 
o t h e r s . E v e n t h o u g h there are e x c e p t i o n s , w e m a y say that 
w h e n c^ i n c r e a s e s , t h e r e is a t e n d e n c y to a c c e p t p r o j e c t s 
fully. H o w e v e r , there is no c l e a r b e h a v i o r of the o t h e r 
two p a r a m e t e r s r e g a r d i n g the a c c e p t a n c e of p r o j e c t s . T h e r e 
is a c l e a r t r e n d for b o r r o w i n g at low v a l u e s of c^ and for 
l e n d i n g at high. F o r e x a m p l e , in T a b l e E - l , there are b o r ­
r o w i n g a c t i v i t i e s at 5 = 3,4 and 5, w h i l e in E-4 just in 
t = 3,4 and m o n e y is lent at t = 5 . 
A s c o m m e n t e d b e f o r e , a n o t h e r set of p r o j e c t s , set 2 
w a s a n a l y z e d u s i n g the l i n e a r m o d e l . T h i s w a s d o n e b e c a u s e 
the a u t h o r found t h a t the linear m o d e l lacks s e n s i t i v i t y 
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r e g a r d i n g the p r o j e c t ' s rate of r e t u r n . As in the first set 
of p r o j e c t s , c^ and do not have any s i g n i f i c a n t e f f e c t on 
G', s and D (see T a b l e s 4 . 4 , 4.5, a n d 4 . 6 ) . T h e d i f f e r e n c e 
is that w h i l e in the first p r o j e c t set, v a r y i n g c^ and c 2 
r e s u l t s in d i f f e r e n t s t r e a m s of d i v i d e n d s (without a f f e c t i n g 
s and D ) ; in the second no such e f f e c t o c c u r s . 
T h i s may be e a s i l y e x p l a i n e d . Given a series of p r o ­
j e c t s , w h o s e r a t e s o f r e t u r n rank from 7 p e r c e n t to 13 p e r ­
cent, there are just two p r o j e c t s s e l e c t e d (one and two) 
r e g a r d l e s s of the v a l u e of the p a r a m e t e r s . T h e s e p r o j e c t s 
are t h o s e w i t h the h i g h r a t e s of r e t u r n (13 p e r c e n t and 12.5 
p e r c e n t , r e s p e c t i v e l y ) . T h a t m e a n s that o n c e the m o d e l has 
found those two p r o j e c t s , it d o e s not c o n s i d e r any o t h e r 
a l t e r n a t i v e s . T h i s b e c o m e s a n o t h e r d r a w b a c k of t h e l i n e a r 
m o d e l . 
N o n l i n e a r M o d e l R e s u l t s 
R a n g e s of P a r a m e t e r s 
A s c o m m e n t e d e a r l i e r , the r e l a t i o n s h i p s for the p a r a ­
m e t e r r a n g e d e t e r m i n a t i o n in C h a p t e r III p r o v i d e a g o o d 
s t a r t i n g p o i n t . H o w e v e r , s e v e r a l runs w e r e m a d e in o r d e r to 
d e t e r m i n e e x a c t l y the r e g i o n of i n t e r e s t . In C h a p t e r I I I , 
it is e x p l a i n e d that the "horizon p a y - o u t " should be e s t a b ­
lished in a d v a n c e by d e c i s i o n - m a k e r . T h e a u t h o r t r i e d r a t i o s 
from 0.3 to 0.6 w i t h e x c e l l e n t r e s u l t s . T h e s e r a t i o s imply 
v a l u e s for c^ from 10 to 20, given that the h o r i z o n l e n g t h 
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is 5 y e a r s . S o , four levels w e r e s e l e c t e d for c^: 1 0 , 1 3 , 
16, and 20. 
In o r d e r to find the ra n g e of c^, i n e q u a l i t y (3.125) 
w a s used. Using an i n t e r m e d i a t e v a l u e of the r a n g e e s t a b ­
lished in a d v a n c e for the "horizon p a y - o u t " (0.45) and 
a s s u m i n g D m and D m , equal to D . , it is easy to show that ^ T T-1 ^ m m 2 
-5 
c^ s h o u l d be less than or e q u a l to 8.45 x 10 . For p r a c ­
tical p u r p o s e s , the up p e r b o u n d of c^ w a s set e q u a l to 
-4 
1.0 x 10 . A f t e r s e v e r a l r u n s , the a u t h o r found that the 
_7 
lower b o u n d should b e a r o u n d 1.0 x 10 . V a l u e s of c^ less 
this seemed to ha v e no e f f e c t o n the r e s u l t s . S o , four 
levels for c^ w e r e s e l e c t e d to c o v e r the r a n g e of c^: 
1.0 x 1 0 ~ 7 , 1.0 x 1 0 ~ 6 , 1.0 x 1 0 ~ 5 , and 1.0 x I O - 4 . 
O n c e c^ and c^ w e r e fixed, w e m a y use (3.128) for 
d e t e r m i n g c 2 . A p r e d e t e r m i n e d v a l u e for the d i f f e r e n c e 
b e t w e e n t e r m i n a l w e a l t h and d i v i d e n d s should be g i v e n . A s 
co m m e n t e d in C h a p t e r I I I , the idea l v a l u e for this d i f f e r e n c e 
is zero, w h i c h h o w e v e r is seldom o b t a i n e d . A good a s s u m p t i o n 
is to e s t i m a t e the d i f f e r e n c e b e t w e e n 1,000 and 5,000. S o , 
usin g the m a x i m u m v a l u e of c 3 for 1,000, and the m i n i m u m for 
5,000, w e o b t a i n from ( 3 . 1 2 8 ) : 
- ' 2 0 = 0 . 0 1 2 - 2 ( 1 0 0 0 ) 
c 2 - 2 ( 5 0 0 0 ) = ° - 0 0 1 
W i t h this in m i n d , four levels of c 2 w e r e s e l e c t e d w i t h i n 
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that r a n g e : 0.001, 0.003, 0.006, and 0.01. 
P e r f o r m a n c e C r i t e r i a 
The same m e a s u r e m e n t s used in the e v a l u a t i o n of the 
r e s u l t s o f the linear m o d e l are a p p l i e d for the n o n l i n e a r 
c a s e . T h e three c r i t e r i a , G', s, and D are d e f i n e d in the 
same w a y , and they are the core of our a n a l y s i s . 
P a r a m e t r i c A n a l y s i s 
E x a c t l y as in the linear m o d e l , w i t h four levels of 
c^, c^, and c^, 64 r u n s are m a d e to i n v e s t i g a t e the b e h a v i o r 
of the n o n l i n e a r m o d e l . H e r e a l s o , b o t h sets of p r o j e c t s , 
1 and 2, are used to see if the rates of r e t u r n of the p r o ­
jects h a v e m u c h e f f e c t on the m o d e l r e s p o n s e , as h a p p e n e d 
in the l i n e a r c a s e . 
A g r o u p of s e l e c t e d r e s u l t s are shown in A p p e n d i c e s H 
and I for b o t h p r o j e c t s e t s . In a d d i t i o n , the c o r r e s p o n d i n g 
levels of t e r m i n a l w e a l t h , a v e r a g e d i v i d e n d , and s t a n d a r d 
d e v i a t i o n of d i v i d e n d of p r o j e c t set 1 are s u m m a r i z e d in 
T a b l e s 4.7 t h r o u g h 4.9, and in T a b l e s 4.10 t h r o u g h 4.12 for 
p r o j e c t set 2. 
A l l sets of p a r a m e t e r s r e s u l t in f e a s i b l e v a l u e s , 
c o n t r a s t i n g w i t h the l i n e a r m o d e l . L e t ' s c o n s i d e r first 
the p r o j e c t set 1. F r o m a b r i e f a n a l y s i s of T a b l e s 4.7, 
4.8, and 4.9, w e m a y n o t e that the three p a r a m e t e r s h a v e some 
e f f e c t s . 
P a r a m e t e r c^ is the only one w h o s e e f f e c t s on G' and 
D are not c o n s i d e r a b l e . T h i s is c l e a r l y seen in F i g u r e s J-l and 
8 8 
T a b l e 4.7. T e r m i n a l W e a l t h for P r o j e c t Set 1, N o n l i n e a r 
M o d e l . 
c 3 
10 13 16 20 





1 4 2 6 6 7 
1 2 8 0 9 7 
96672 
63804 
1 4 2 6 6 7 
1 3 9 3 3 1 
142426 
1 0 0 3 6 3 
1 4 7 3 2 4 
1 5 6 6 5 1 
1 4 9 9 9 5 















1 4 7 6 9 7 
1 3 8 9 9 2 








1 5 7 1 0 8 
1 5 8 0 5 1 





1 4 7 486 
1 2 8 2 4 3 
96109 
66770 
1 4 7 4 8 6 
1 3 9 5 2 8 
1 4 2 4 8 5 
99548 
1 4 8 5 4 8 
157226 
1 5 0 0 6 0 
1 2 8 0 0 3 
1 5 4 6 2 4 
1 6 1 8 4 4 
1 5 7 4 8 7 
157995 





1 5 0 7 9 3 
1 2 9 0 5 0 
93738 
63670 
1 5 0 7 9 3 
1 4 0 2 6 7 
1 4 2 8 2 8 
97271 
151136 
1 5 9 4 3 0 
1 5 0 3 7 4 
1 2 6 2 5 7 
1 6 0 6 8 7 
1 6 3 3 0 7 
157646 
1 5 8 1 2 7 
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Table 4.8. S t a n d a r d D e v i a t i o n for P r o j e c t Set 2, N o n l i n e a r 
M o d e l . 
C 3 
10 13 16 20 
. 001 7499 7499 3911 3407 
_ 7 .003 2840 3109 2494 604 
10 7 .006 1486 2095 1847 896 
.01 53.48 1277 1196 1370 
.001 3662 3857 3911 3332 
.003 2735 3102 2494 696 
10 6 .006 1640 2250 1630 866 
.01 68.17 940 867 1101 
°2 . 001 3727 3727 2661 2555 
_ c .003 2509 2311 1786 554 
10 5 .006 1288 1809 1353 670 
.01 42.45 1067 996 1149 
.001 1363 1363 1303 994 
— A .003 2464 1539 881 319 
10 4 .006 992 1442 882 425 
.01 14.7 565 567 612 
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T a b l e 4.9. A v e r a g e D i v i d e n d for P r o j e c t Set 1, N o n l i n e a r 
M o d e l . 
10 13 16 20 
.001 8324 8325 7329 6524 
_ n .003 9664 8412 6100 5246 
10 7 .006 7271 7891 6946 5860 
.01 5022 5914 6133 5936 
.001 7990 7475 7329 6360 
— £ .003 9677 8449 6100 5284 
10 6 .006 7500 7931 6981 5890 
.01 5028 5787 6038 5896 
C 2 .001 7499 7499 7089 6043 
.003 9582 8285 5999 5226 
10 5 .006 7195 7864 6896 5839 
.01 5017 5842 6087 5912 
.001 6958 6958 6626 5405 
. 003 9347 7985 5672 5130 
10 4 . 006 6907 7731 6767 5780 
.01 5006 5639 5923 5827 
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T a b l e 4.10. T e r m i n a l W e a l t h for P r o j e c t Set 2, N o n l i n e a r 
M o d e l . 
c 3 
10 13 16 20 
.001 149205 147666 1 5 5 1 0 7 160700 
"7 . 003 1 3 1 2 6 9 141215 1 6 6 8 5 3 170563 1 0 " / .006 1 0 7 6 8 1 145064 1 5 1 0 4 1 158581 
.01 63936 98506 1 2 1 4 8 3 1 6 0 3 8 0 
.001 149205 147666 1 5 4 3 4 7 1 5 9 8 0 1 
c .003 1 3 0 8 4 0 1 4 0 8 4 5 166699 1 7 0 2 0 0 
1 0 " o .006 1 0 7 5 6 7 1 4 5 0 3 0 1 5 1 0 1 8 156572 
.01 63936 98506 1 2 1 4 8 8 1 6 0 3 8 0 
°2 .001 1 5 4 0 9 1 1 5 3 0 9 8 1 5 7 2 9 3 163116 
c .003 131305 141295 1 6 7 3 6 0 170854 
1 0 " o . 006 106743 145075 151082 158652 
.01 63936 98261 121295 160436 
.001 1 5 7 4 0 2 1 5 8 8 2 6 160506 1 6 9 7 0 3 
A . 003 1 3 1 9 3 7 141824 169176 1 7 2 2 4 2 
1 0 " ft .006 1 0 2 5 3 7 1 45411 1 5 1 3 9 2 158904 
.01 63936 97184 120254 160659 
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T a b l e 4.11. S t a n d a r d D e v i a t i o n for P r o j e c t Set 2, N o n l i n e a r 
M o d e 1 . 
10 13 16 20 
.001 8203 8582 4459 3327 
n .003 2901 2932 2275 889 
10 7 .006 2241 2803 1843 985 
.01 0 7 32 689 1412 
.001 8203 8582 4145 3545 
_ c .003 2813 2924 2184 980 
10 6 .006 2170 2223 2155 1052 
.01 0 732 689 1412 
°2 .001 4079 4375 3007 2742 
_ r . 003 2559 2192 1633 817 
10 5 .006 1976 2337 1487 846 
.01 0 672 633 1191 
.001 1683 1491 1688 1103 
— A . 003 2511 1530 781 471 
10 4 .006 1371 1596 982 495 
.01 0 432 445 646 
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T a b l e 4.12. A v e r a g e D i v i d e n d for P r o j e c t Set 2, N o n l i n e a r 
M o d e l . 
C 3 
10 13 16 20 
.001 9814 9046 7339 6358 
. 003 9683 8391 5928 5363 
10 7 .006 8174 8194 7133 5989 
.01 5000 5658 5673 5982 
.001 9814 9046 7405 6447 
.003 9695 8420 5943 5401 
10 6 . 006 8174 8194 7149 5996 
.01 5000 5658 5673 5982 
°2 . 001 7990 8100 7010 6119 
.003 9603 8256 5844 5333 
10 5 .006 8062 8160 7086 5973 
.01 5000 5640 5652 5982 
.001 7423 7039 6527 5450 
— A .003 9369 7955 5588 5192 
10 4 . 006 7576 7972 6828 5844 
.01 5000 5539 5549 5864 
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J - 7 , in w h i c h the r e s p o n s e s o f G' and D a g a i n s t are shown, 
r e s p e c t i v e l y . F i g u r e J-l c o n s i s t s of n e a r l y h o r i z o n t a l 
l i n e s , w h i c h m e a n s that the t e r m i n a l w e a l t h is a l m o s t i n d e ­
p e n d e n t of c^. A s i m i l a r thing h a p p e n s in F i g u r e J - 7 . We 
m a y o b s e r v e in this figure that there are some lines 
w h i c h h a v e a small n e g a t i v e s l o p e , w h i c h implies a d e c r e m e n t 
in D as c^ is i n c r e a s e d . H o w e v e r , the m a x i m u m d e c r e m e n t 
h a p p e n s to be less than 1,500 and so, in g e n e r a l , w e may say 
that c^ d o e s n o t a f f e c t D. 
W i t h the e x c e p t i o n of two l i n e s , small v a r i a t i o n s seem 
to o c c u r in F i g u r e J - 4 , w h i c h shows the s t a n d a r d d e v i a t i o n 
a g a i n s t c^. H o w e v e r , the d e c l i n i n g t e n d e n c y of all the 
lines is c l e a r l y seen, s h o w i n g the g e n e r a l e f f e c t of c^. 
T h i s t e n d e n c y is e x a c t l y w h a t w e e x p e c t e d to o b t a i n : c^ 
w o r k s a g a i n s t the q u a d r a t i c d i f f e r e n c e s of d i v i d e n d p a y m e n t s , 
w h i c h c a u s e s the s t a n d a r d d e v i a t i o n for them to be r e d u c e d . 
A f t e r f i n d i n g that the e f f e c t of c^ is the least 
i m p o r t a n t a m o n g the p a r a m e t e r e f f e c t s , the p l o t s of G" and 
s a g a i n s t and c^ may be p r e s e n t e d w i t h o u t the e f f e c t of 
c^. T h i s r e d u c e s the n u m b e r of lines from 16 to 4, r e n d e r i n g 
t h e p l o t s m u c h c l e a r e r . 
L o o k i n g at F i g u r e J - 2 , the e f f e c t s of on G' are 
c l e a r . T h e r e is a s t r o n g t e n d e n c y to r e d u c e G' at low v a l u e s 
of c^, w h i l e k e e p i n g G' at a l m o s t the same level w h e n c^ is 
h i g h e r . W h a t it m e a n s is that the m o d e l loses s e n s i t i v i t y 
to C? w h e n there are low "horizon p a y - o u t s . " 
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P a r a m e t e r c 2 a l s o r e d u c e s the s t a n d a r d d e v i a t i o n of 
the d i v i d e n d p a y m e n t s , as m a y be seen in F i g u r e J - 5 . N o t e 
that for c^ = 1 0 , the s t a n d a r d d e v i a t i o n is n e a r zero. A l l 
w o u l d be fine for the s t o c k h o l d e r s e x c e p t for the fact that 
u n d e r t h o s e c o n d i t i o n s , the d i v i d e n d s are a l m o s t D . , and 
' m m 
the t e r m i n a l w e a l t h r e a c h e s its lowest v a l u e , as it m a y be 
seen in T a b l e 4.7 and 4.8. 
R e g a r d i n g 5, p a r a m e t e r tries to r e d u c e it, as 
F i g u r e J-8 s h o w s . It seems that for c 2 = 0.003 and low v a l u e s 
of C y the m o d e l shows an u n e x p e c t e d b e h a v i o r : 5 for those 
v a l u e s , i n s t e a d of c o n t i n u a l l y d e c r e a s i n g , b e c o m e s h i g h e r 
(note that the same thing h a p p e n s in p r o j e c t set 2, in T a b l e 
4 . 1 2 ) . W e m a y c o n j e c t u r e that this r e g i o n is a r e g i o n of 
i n s t a b i l i t y . 
P a r a m e t e r c^, as in the linear m o d e l , is the one w h i c h 
r e s u l t s in the g r e a t e s t c h a n g e s . In F i g u r e J - 3 , it m a y be 
seen that C i n c r e a s e s s u b s t a n t i a l l y for h i g h v a l u e s of c 2 , 
and r e m a i n s m o r e stable at l o w v a l u e s of the same p a r a m e t e r . 
T h i s is w e l l e x p l a i n e d g i v e n that is the p a r a m e t e r w h i c h 
a s s i g n s the w e i g h t to the c h a n g e s m a d e by c^ in the o b j e c t i v e 
f u n c t i o n . 
R e g a r d i n g s, two d i f f e r e n t types of b e h a v i o r due to 
c 3 are seen in F i g u r e J-6. A t h i g h v a l u e s of c 2 , the s t a n d a r d 
d e v i a t i o n i n c r e a s e s its v a l u e , w h i l e at low v a l u e s of c 2 , it 
d e c r e a s e s . T h e same is true for 5. 
R e g a r d i n g the a c c e p t a n c e of p r o j e c t s , the m o s t 
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i n t e r e s t i n g c h a r a c t e r i s t i c of the n o n l i n e a r m o d e l is that at 
low v a l u e s of c^, the p r o j e c t s w h i c h h a v e a life b e y o n d the 
h o r i z o n y e a r are s e l e c t e d in such a way that the t e r m i n a l 
w e a l t h c o n s i s t s b a s i c a l l y of r e s i d u a l v a l u e s of those p r o ­
j e c t s . T h e c o n t r a r y is true for h i g h v a l u e s of c^. This may 
b e seen in T a b l e s H-1 and H - 5 . In H - 1 , p r o j e c t s 3, 5, and 8 
are a c c e p t e d (only t h e s e p r o j e c t s h a v e p o s t - h o r i z o n cash 
f l o w s ) , and the m o n e y lent at t = 5 has an a v e r a g e of 4 1 , 0 0 0 , 
w h i l e the t e r m i n a l w e a l t h is 1 2 8 , 0 0 0 . On the o t h e r hand, in 
H-5 w e m a y see that none of those p r o j e c t s is s e l e c t e d , and 
all the t e r m i n a l w e a l t h c o n s i s t s of the m o n e y lent at t = 5. 
The r e s u l t s o b t a i n e d u s i n g the n o n l i n e a r m o d e l c o n t a i n 
m o r e d e c i s i o n a l t e r n a t i v e s than the linear c a s e . T h e m a j o r 
a d v a n t a g e of the n o n l i n e a r p r o g r a m m i n g f o r m u l a t i o n is the 
g r e a t v a r i e t y of s o l u t i o n s w e m a y choose a c c o r d i n g to o u r 
o b j e c t i v e s and d e s i r e s . H o w e v e r , there are sets of s o l u t i o n s 
w h i c h w o u l d n o r m a l l y not be c o n s i d e r e d , as t h o s e for c 2 = 0.01 
and c^ = 1 0 , in w h i c h the c o m p a n y e a r n s little and the s t o c k ­
h o l d e r s r e c e i v e the m i n i m u m . In o t h e r c a s e s , there are s o l u ­
tions w h i c h a p p l y to c l a s s i c a l s i t u a t i o n s , as the f o l l o w i n g : 
a) A company w h i c h is n e w in b u s i n e s s s h o u l d k e e p m o s t of 
the m o n e y it e a r n s and p a y m i n i m u m d i v i d e n d s . W i t h c^ = 
-4 
1.0 x 10 , c 2 = 0.0 03 and = 20, the c o m p a n y may 
o b t a i n that t y p e of s o l u t i o n . 
b) A c o m p a n y w h i c h w a n t s e a r n i n g s as h i g h as p o s s i b l e , a 
fair r e t u r n to its s t o c k h o l d e r s w i t h the m a x i m u m s t e a d i -
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n e s s , s h o u l d o p e r a t e n e a r = 1.0 x 10 > °2 ~ u ' u u 3 ' 
c 3 = 13. 
c) A company w h i c h p r e f e r s to pay the m a x i m u m p o s s i b l e 
d i v i d e n d s w i t h little r e g a r d for d i v i d e n d s t e a d i n e s s or 
-7 
t e r m i n a l w e a l t h s h o u l d o p e r a t e n e a r c^ = 1.0 x 10 , 
c 2 = 0.003, and c 3 = 1 0 . 
A s i m i l a r a n a l y s i s may be m a d e for each of the p o i n t s 
o b t a i n e d in the t a b l e s . C o n s i d e r a t i o n s m o r e e x t e n s i v e m a y be 
m a d e to d i f f e r e n t i a t e the a d v a n t a g e s and d i s a d v a n t a g e s 
b e t w e e n the s o l u t i o n s gi ven in the t a b l e s . F o r e x a m p l e , we 
h a v e n o t m e n t i o n e d (because it is b e y o n d the scope of the 
p r e s e n t w o r k ) c o n s i d e r a t i o n s a b o u t f i n a n c i a l r a t i o s , w h i c h in 
m o s t c a s e s , are c o n s t r a i n e d to s p e c i f i c r a n g e s by company 
p o l i c i e s . W h a t it m e a n s is that there may be s i t u a t i o n s in 
w h i c h b o r r o w i n g a c t i v i t i e s c a n n o t be m a d e w i t h o u t v i o l a t i n g 
such p o l i c i e s , and a n o t h e r s o l u t i o n s h o u l d b e s e l e c t e d w i t h 
less b o r r o w i n g o r w i t h a d i f f e r e n t set of s e l e c t e d p r o j e c t s . 
- 4 
E x a m p l e of this are the s o l u t i o n s for = 1.0 x 10 , c 2 = 
0.003, c 3 = 13, and c 1 = 1.0 x 1 0 ~ 7 , c 2 = 0.006, c 3 = 1 3 . 
O p t i m a l i t y A n a l y s i s 
The a l g o r i t h m used to s o l v e o u r n o n l i n e a r m o d e l 
(Beale's m e t h o d ) has some d i f f i c u l t i e s in s o l v i n g p r o b l e m s 
w i t h large c o e f f i c i e n t s . A p p a r e n t l y , the p r i m a l s o l u t i o n is 
n o t as s t r o n g l y a f f e c t e d as the d u a l . T h i s w a s c o r r o b o r a t e d 
by the a u t h o r w h e n the o p t i m a l i t y c o n d i t i o n s w e r e c h e c k e d . 
M o s t of them t u r n e d out to b e i n c o r r e c t b e c a u s e of n u m e r i c a l 
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p r o b l e m s . In o r d e r to show that the o p t i m a l i t y c o n d i t i o n s 
o f the n o n l i n e a r m o d e l p r e s e n t e d in C h a p t e r III are co r r e c t , 
the p r o j e c t s in set 1 w e r e s c a l e d (divided by 1 0 0 0 ) , and a 
set of p a r a m e t e r s s e l e c t e d at random. W i t h the r e s u l t s of 
this run, ever y o n e of the o p t i m a l i t y c o n d i t i o n s w a s s a t i s ­
fied. 
The set of p a r a m e t e r s s e l e c t e d at r a n d o m w e r e c^ = 
1.0 x 10 ' c2 ~ c^ = 2 0 . T h e s e n u m b e r s w e r e not 
scal e d to o b t a i n s m a l l e r c o e f f i c i e n t s . Of c o u r s e , the r e s u l t s 
are c o m p l e t e l y d i f f e r e n t from t h o s e of the o r i g i n a l p r o b l e m . 
The r e s u l t s of the scaled p r o b l e m are the f o l l o w i n g : 
X 3 = 
V 5 " 
1 
7 3 . 




w 2 = 25 w 3 = 4 2 . 52 w 4 = 2 6 . 8 2 
D 0 = 5 D. = 5 D 2 
= 5 D 3 = 5 D . = 2 5 . 4 7 1 1 D 5 = 5 
Zero o t h e r w i s e 
The c o r r e s p o n d i n g d u a l v a r i a b l e s a r e : 
(UM' 0 = 1. 0160126 ( V l = 0. 923 6 4 7 8 2 0. 8 3 8 9 1 7 2 
3 = 0. 76 1 9 5 9 3 ( U M } 4 = 0. 69 2 0 6 1 1 5 0. 6344829 
< U x> 3 = 0. 3236176 = 0. 3595537 ( u x } 6 0. 0 2 9 0 5 4 3 
0 = -0 .018995 ( V i = -0 .0128749 ( V 2 = -0 .0069495 
<v 3 = -0 .0026542 ( U D } 5 = -0 .0040594 
Zero o t h e r w i s e 
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F i r s t , w e may note that the c o m p l e m e n t a r y s l a c k n e s s 
c o n d i t i o n s are v a l i d for e a c h of the r e s u l t s . F o r e x a m p l e , 
t h o s e p r o j e c t s w h i c h are not fully a c c e p t e d h a v e (u ) . = 0. 
x J 
In a d d i t i o n , ( 1 ^ ) 4 is zero b e c a u s e the d i v i d e n d p a y m e n t at 
t = 0 is the only one w h i c h is s t r i c t l y g r e a t e r than D . . 
2 J ^ m m 
The r e l a t i o n s h i p (3.108) m a y be used to c h e c k the 
(u„).'s. Using the n u m e r i c a l r e s u l t s , we o b t a i n : M t 
T O T T O T ( O M 1 M 2 M 3 
( U M } 3 ( U M } 4 
M J = 1.101 T - V = 1.109 ( U M > 4 " ( U M ] 5 
A l l the n u m b e r s o b t a i n e d a b o v e are w i t h i n the r a n g e 
given by ( 3 . 1 0 8 ) . N o t e that the second, third, and fourth 
r a t i o s are at the u p p e r b o u n d , and the fifth at the lower 
b o u n d : W e may see that there is b o r r o w i n g d u r i n g the second, 
third, and fourth p e r i o d s , and l e n d i n g d u r i n g the fifth. 
E q u a t i o n (3.109) may be used to compute the t h e o r e t i ­
cal v a l u e of ( U M ) 5 : 
(„ ) = 2(0.006) 20 1 4 3 . 4 7 9 8 5 3 8 . 4 3 7 7 5 1 3 7 1 
M 5 " 2 0 ( 1 . 0 9 5 ) 5 [ 2 ( 0 . 0 0 6 ) " 2 0 ( 1 - 0 9 5 ) 5 6 ] 
= 0.63593245 = 0.6344829 
T h e t h e o r e t i c a l v a l u e o f e a c h o f (u ) . is qiven by 
( 3 . 1 1 0 ) . We may c h e c k the d u a l v a r i a b l e s for p r o j e c t s 3, 5 
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w h i c h are fully a c c e p t e d : 
- 2 0 ( 0 . 9 2 3 6 4 7 8 ) - 1 0 ( 0 . 8 3 8 9 1 7 2 ) + 5 ( 0 . 7 6 1 9 5 9 3 ) 
- 5 ( 0 . 6 9 2 0 6 1 1 ) + 1 0 ( 0 . 6 3 4 5 ) + 3 2 . 2 5 1 2 ( 0 . 6 3 4 5 ) 
0.29575 : 0.3236716 
- 1 5 ( 1 . 0 1 6 0 1 2 6 + 0.9236478 + 0.8389172 + 0.7619593) 
+ 2 0 ( 0 . 6 9 2 0 6 1 1 ) + 2 5 ( 0 . 6 3 4 4 8 2 9 ) + 3 7 . 4 0 3 6 5 ( 0 . 6 3 4 4 8 2 9 ) 
0.32721 * 0.359553 
- 5 0 ( 1 . 0 1 6 0 1 2 6 ) + 2 0 ( 0 . 7 6 1 9 5 9 3 ) + 2 5 ( 0 . 6 9 2 0 6 1 1 ) 
+ 2 8 . 8 2 5 ( 0 . 6 3 4 4 8 2 9 ) 
0.029053 = 0.0290543 
E q u a t i o n (3.110) also w o r k s for p r o j e c t s w h i c h are not 
s e l e c t e d . L e t ' s c h e c k p r o j e c t 1 0 , for e x a m p l e : 
(u > 1 0 = - 1 0 ( 1 . 0 1 6 0 2 1 6 ) - 1 0 ( 0 . 9 2 3 6 4 7 8 ) + 3 5 ( 0 . 8 3 8 9 1 7 2 ) 
- 1 3 . 0 9 ( 0 . 7 6 1 9 5 9 3 ) + 0 = - 0 . 0 0 8 5 5 = 0 
T h e d u a l v a r i a b l e s a s s o c i a t e d w i t h the d i v i d e n d p o l i c y 
(3.52) m a y be o b t a i n e d from ( 3 . 1 1 2 ) , ( 3 . 1 1 3 ) , and ( 3 . 1 1 4 ) . 
( u n ) n < 1. 0160126 - 2 ( 0 - ? 0 6 ) [ " 3 . 4 7 9 8 5 _ 1 ( 3 8 . 4 3 7 7 ) ] 
D 0 ~ 6 2 0 ( 1 . 0 9 5 ) 5 6 
+ 2 ( 1 0 ~ 7 ) ( 5 + 5) - 1 = 0.019713 >_ - 0 . 0 1 8 9 9 5 
( u n > , < 0.7619593 - 2 ( 0 - 0 0 6 ) { 1 4 3 . 4 7 9 8 5 _ 1 ( 3 8 . 4 3 7 7 ) ] 
D 3 ~ 6 2 0 ( 1 . 0 9 5 ) 5 6 
+ 2 ( 1 0 " 7 ) ( 5 + 2*5 + 25.4711) - - = • 
( 1 . 0 9 5 ) 3 
and 6, 
<V 6 = 
101 
= 0.0040119 > - 0 . 0 0 2 6 4 5 2 
(u ) c < 0.6344829 (1 + |^) + 2 ( I O - 7 ) ( 2 5 . 4 7 1 1 + 5) D 5 — 6 
1 (i + f£) = - 0 . 0 0 3 1 9 0 > - 0 . 0 0 4 0 6 
(1.095)° b 
At y e a r t = 4, the c o m p a n y p a y s d i v i d e n d s h i g h e r than 
D m i n ' s o ^"^e ^ u a l v a r i a b l e ( U D ) 4 c a n ^ e c a l c u l a t e d from (3.118) 
( u n ) . = 0. 6 9 2 0 6 1 1 - 2 ( Q ' Q Q 6 ) r - (-1. 849165) + 2 ( 1 0 " 7 ) 
D 4 6(1.095) 
(5+2*25.4711 + 5) - - j = - 0 . 0 0 9 3 4 6 * 0 
( 1 . 0 9 5 ) * 
N o t e from the w a y in w h i c h the o r i g i n a l p r i m a l p r o b l e m 
is p r e s e n t e d , that the dual v a r i a b l e s ( u D ) t should be n o n -
p o s i t i v e w h i c h is e x a c t l y w h a t w e o b t a i n e d a b o v e . T h i s n e g a ­
t i v e sign m e a n s that the v a l u e of the o b j e c t i v e f u n c t i o n w i l l 
d e c r e a s e by ( u D ) t if the r i g h t h a n d side o f (3.52) is i n c r e a s e d 
by o n e . O b v i o u s l y , (u_)„ is zero b e c a u s e if D . at t = 4 2 2 D 4 m m 
w e r e i n c r e a s e d by o n e , the company w i l l still p a y 25.4 711 
and no c h a n g e s in the o b j e c t i v e f u n c t i o n w i l l o c c u r . 
As m e n t i o n e d b e f o r e , p r o j e c t set 2 w a s a l s o s o l v e d 
w i t h the n o n l i n e a r m o d e l . As e v i d e n c e d by T a b l e s 4.10, 4.11 
and 4 . 1 2 , as w e l l as A p p e n d i x I, the r e s u l t s f o l l o w the same 
p a t t e r n as t h o s e of set 1. W h a t it m e a n s is t h a t the n o n ­
linear m o d e l d o e s n o t h a v e the lack of s e n s i t i v i t y to the 
r a t e s of r e t u r n of the p r o j e c t s w h i c h the linear m o d e l showed. 
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B e c a u s e of this fact no f u r t h e r comments are m a d e on the set 
2 r e s u l t s given that those m a d e for set 1 h o l d s i m i l a r l y . 
Summary 
W e have p r e s e n t e d the r e s u l t s of o u r two m o d e l s using 
two sets o f p r o j e c t s . T h e i r c h a r a c t e r i s t i c s h a v e been 
d i s c u s s e d b r i e f l y . W e have shown that c^ is the m o s t i m p o r ­
tant p a r a m e t e r w i t h r e s p e c t to the e f f e c t s on a v e r a g e d i v i ­
dend, s t a n d a r d d e v i a t i o n , and t e r m i n a l w e a l t h . The o p t i ­
m a l i t y c o n d i t i o n s p r e s e n t e d in C h a p t e r III w e r e c h e c k e d , and 
the n u m e r i c a l r e s u l t s agree for the linear m o d e l . A n o n ­
l i n e a r p r o b l e m had to be r e s c a l e d to d e m o n s t r a t e the o p t i ­
m a l i t y c o n d i t i o n s , b e c u a s e of the n u m e r i c a l p r o b l e m s 
a s s o c i a t e d w i t h B e a l e ' s m e t h o d . T h e r e s u l t s o b t a i n e d from 
s e v e r a l runs p r o v i d e the i n f o r m a t i o n w h i c h a d e c i s i o n - m a k e r 
n e e d s for i n v e s t m e n t p l a n n i n g . In the n e x t and c o n c l u d i n g 
c h a p t e r , the a d v a n t a g e s and d i s a d v a n t a g e s of the m o d e l s 
w i l l be d i s c u s s e d . 
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C H A P T E R V 
C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 
O b j e c t i v e s of the R e s e a r c h A c h i e v e d 
A s s t a t e d in C h a p t e r I, the m a i n o b j e c t i v e s of this 
thesis w e r e to d e v e l o p a c a p i t a l b u d g e t i n g m o d e l w h i c h c o n ­
t a i n s d i v i d e n d v a r i a b l e s . A d e s i r e d f e a t u r e of s u c h a m o d e l 
is that the d i v i d e n d s are free to f l u c t u a t e a b o u t an a v e r a g e 
l e v e l , but that the v a r i a b i l i t y o f d i v i d e n d s be s o m e h o w c o n ­
t r o l l e d . In a d d i t i o n , it is d e s i r e d to m a i n t a i n some r e l a ­
t i o n s h i p b e t w e e n the t e r m i n a l w e a l t h and the d i v i d e n d s p a i d . 
W e h a v e p r e s e n t e d two m o d e l s , one l i n e a r and one n o n ­
l i n e a r , w h i c h d e a l w i t h the i s s u e s d i s c u s s e d a b o v e . The 
a p p r o a c h e s used are q u i t e d i f f e r e n t f r o m e a c h but t h e i r 
o b j e c t i v e s are the same. T h e l i n e a r m o d e l has in its o b j e c ­
tive f u n c t i o n a term r e p r e s e n t i n g the slope o f the d i v i d e n d 
p a y m e n t s e r i e s . In a d d i t i o n , a term is i n c l u d e d in o r d e r to 
c o n t r o l the d i f f e r e n c e b e t w e e n t e r m i n a l w e a l t h and d i v i d e n d s . 
On the o t h e r hand, the n o n l i n e a r m o d e l i n c l u d e s in its o b j e c ­
tive f u n c t i o n the s q u a r e d d i f f e r e n c e s b e t w e e n s u b s e q u e n t 
d i v i d e n d p a y m e n t s , and the s q u a r e d d i f f e r e n c e b e t w e e n t e r ­
m i n a l w e a l t h and a v e r a g e d i v i d e n d . 
T h r o u g h the use of d u a l i t y t h e o r y , the o p t i m a l i t y 
c o n d i t i o n s for the two m o d e l s are e x a m i n e d . T h e s e c o n d i t i o n s 
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w e r e u s e f u l in finding the r a n g e s of the p a r a m e t e r s c o n ­
t a i n e d in the m o d e l s . In a d d i t i o n , they p r o v i d e d e c o n o m i c 
i n t e r p r e t a t i o n s . 
Two n u m e r i c a l e x a m p l e s w e r e used to d e m o n s t r a t e that 
the m o d e l s a c h i e v e the o b j e c t i v e s for w h i c h they w e r e d e s i g n e d . 
A v a r i e t y of r e s u l t s w e r e o b t a i n e d by u s i n g a f a c t o r i a l d e s i g n 
for the p a r a m e t e r v a l u e s . 
C o n c l u s i o n s 
W e h a v e d i s c u s s e d the f e a t u r e s as w e l l as some d r a w ­
b a c k s of the m o d e l s in p r e v i o u s c h a p t e r s . T h e m a j o r p o i n t s 
are r e p e a t e d h e r e : 
T h e l i n e a r m o d e l h a s s e v e r a l d r a w b a c k s w h i c h lead to 
some u n d e s i r a b l e c h a r a c t e r i s t i c s in the n u m e r i c a l r e s u l t s . 
O n e d r a w b a c k comes from the use of the slope e s t i m a t o r of the 
d i v i d e n d p a y m e n t s e r i e s . Its use a s s u m e s that the d i v i d e n d s 
can be r e g r e s s e d as a s t r a i g h t line a g a i n s t t i m e , an a s s u m p ­
tion w h i c h forces the d i v i d e n d s t r e a m to a s s u m e some p e c u l i a r 
p a t t e r n s . It turns out t h a t the slope is a l w a y s m a d e zero 
b u t that t h e f l u c t u a t i o n s in d i v i d e n d s are not c o n t r o l l e d . 
A n o t h e r d r a w b a c k stems from the l i n e a r m o d e l i t s e l f . 
A s is shown in ( 3 . 4 5 ) , some c o e f f i c i e n t s of the d i v i d e n d s 
and t e r m i n a l w e a l t h can be f a c t o r e d out. A s a r e s u l t , the 
slope term and the term r e p r e s e n t i n g the d i f f e r e n c e b e t w e e n 
t e r m i n a l w e a l t h and a v e r a g e d i v i d e n d , v a n i s h from the 
o b j e c t i v e f u n c t i o n . T h i s can a l s o be seen in the lower b o u n d 
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on the d u a l o b j e c t i v e f u n c t i o n ( 3 . 4 4 ) , w h i c h is i n d e p e n d e n t 
o f c^ and c 2 . H o w e v e r , c^ and c 2 do a f f e c t the d i v i d e n d 
p a t t e r n , and so p r o v i d e a large n u m b e r of s o l u t i o n s w i t h 
s i m i l a r o b j e c t i v e f u n c t i o n v a l u e s . A s i m i l a r t h i n g h a p p e n s 
w i t h c^ in the n o n l i n e a r m o d e l . H o w e v e r , the i n s e n s i t i v i t y 
of c^ h e r e is not as p e r s i s t e n t as in the l i n e a r c a s e . 
In the o p t i m a l i t y c o n d i t i o n s for b o t h m o d e l s , s e v e r a l 
r e l a t i o n s h i p s w h i c h b e l o n g to c l a s s i c a l c a p i t a l b u d g e t i n g 
m o d e l s w e r e f o u n d to h o l d also for o u r m o d e l s . S u c h is the 
c a s e of (3.26) and ( 3 . 1 0 8 ) , w h i c h r e p r e s e n t the r a t i o s of 
s u b s e q u e n t d u a l v a r i a b l e s a s s o c i a t e d w i t h the b u d g e t c o n ­
s t r a i n t s . On the o t h e r hand, w h i l e in the b a s i c h o r i z o n 
m o d e l , the d u a l v a r i a b l e for the last b u d g e t c o n s t r a i n t , 
( u M ) m , is e q u a l to o n e , for our n o n l i n e a r m o d e l , it is a 
f u n c t i o n of t h e p a r a m e t e r s c 2 and c^, the t e r m i n a l w e a l t h , 
the d i v i d e n d s , a n d the d i s c o u n t r a t e . T h i s ( u „ ) m r e p r e s e n t s 
M T 
the i n c r e a s e of the o b j e c t i v e f u n c t i o n v a l u e if the b u d g e t 
for t = T w e r e i n c r e a s e d by one u n i t . 
In g e n e r a l , w e m a y c o n c l u d e that the n o n l i n e a r m o d e l 
w o r k s m u c h b e t t e r than the l i n e a r o n e . T h e n o n l i n e a r m o d e l 
c o n s i d e r s a d e q u a t e l y the v a r i a b i l i t y o f d i v i d e n d s and the m a i n ­
t e n a n c e of t e r m i n a l w e a l t h . It p r o v i d e s r e s u l t s for any 
l e v e l s o f the p a r a m e t e r s , and it does n o t have i n f e a s i b l e 
r e g i o n s for p a r a m e t e r v a l u e s . In a d d i t i o n , it has a h i g h 
s e n s i t i v i t y to c h a n g e s in the p a r a m e t e r v a l u e s . T h i s s e n s i ­
t i v i t y has b e e n an i m p o r t a n t c o n s i d e r a t i o n since the start of 
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this r e s e a r c h . The n o n l i n e a r m o d e l w o r k s w e l l in s e l e c t i n g 
d i f f e r e n t sets of p r o j e c t s and p a y i n g d i f f e r e n t s t r e a m s o f 
d i v i d e n d s for d i f f e r e n t p a r a m e t e r v a l u e s w i t h the s e c o n d set 
o f p r o j e c t s , w h i l e the linear m o d e l s e l e c t s t h e same two p r o ­
jects for e v e r y f e a s i b l e c o m b i n a t i o n o f p a r a m e t e r v a l u e s . 
T h e c o n c l u s i o n w h i c h may be d r a w n here is that the l i n e a r 
m o d e l r e a c t s s t r o n g l y to p r o j e c t s w i t h d i f f e r e n t rates of 
r e t u r n , s e l e c t i n g those w i t h the h i g h e s t . On the o t h e r 
hand, the n o n l i n e a r m o d e l s e l e c t s the set of p r o j e c t s c o n ­
s i d e r i n g the w e i g h t s g i v e n by c.^ c^, and to the u t i l i t y 
terms in t h e o b j e c t i v e f u n c t i o n . 
R e c o m m e n d a t i o n s 
F u r t h e r r e s e a r c h in this a r e a s h o u l d be focused on 
t h e u s e of n o n l i n e a r p r o g r a m m i n g . T h e a d v a n t a g e s w h i c h it 
o f f e r s h a v e b e e n shown in this t h e s i s . H o w e v e r , B e a l e ' s 
a l g o r i t h m p r e s e n t s p r o b l e m s in s o l v i n g n o n l i n e a r p r o b l e m s 
w i t h a large r a n g e of c o e f f i c i e n t v a l u e s , and this is p r o b a b l y 
true for m o s t n o n l i n e a r a l g o r i t h m s . S o , an i m p o r t a n t r e c o m ­
m e n d a t i o n for t h e p r a c t i t i o n e r s of c a p i t a l b u d g e t i n g is that 
in d e a l i n g w i t h the n o n l i n e a r m o d e l p r e s e n t e d h e r e , or any 
s i m i l a r m o d e l , one s h o u l d f e s c a l e the cash flows of the p r o ­
j e c t s . 
T h e B e a l e ' s a l g o r i t h m used is q u i t e old. It w a s 
d e v e l o p e d in t h e m i d d l e of the s i x t i e s . T h e r e a d e r m i g h t 
locate a n e w e r a l g o r i t h m or code w h i c h does not p r e s e n t the 
d r a w b a c k s m e n t i o n e d a b o v e . 
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T h e linear m o d e l p r e s e n t e d in this t h e s i s has m a n y 
d r a w b a c k s , and its r e s u l t s do not f u l f i l l c o m p l e t e l y the 
o b j e c t i v e of o b t a i n i n g s t r e a m s of d i v i d e n d s w i t h h i g h 
s t a b i l i t y . The u s e o f the e s t i m a t o r of the d i v i d e n d s ' slope 
d o e s not w o r k as w e e x p e c t e d . H o w e v e r , this d o e s not imply 
that the u s e of linear p r o g r a m m i n g cannot a c h i e v e a s t r e a m 
o f d i v i d e n d s w i t h low v a r i a b i l i t y . It is left for f u r t h e r 
r e s e a r c h to formulate linear m o d e l s for d o i n g t h i s , but a good 
a p p r o a c h w o u l d be to m i n i m i z e in (3.1) not the d i v i d e n d s ' 
s l o p e , b u t the d i v i d e n d s ' d e v i a t i o n s from the a v e r a g e d i v i d e n d 
5 , as d e f i n e d in ( 4 . 1 ) . In o r d e r to do that, w e m i g h t have 
to d e f i n e n o n n e g a t i v e d e v i a t i o n s as f o l l o w s : 
d* d e v i a t i o n o f from D, w h e n > D 
d^ d e v i a t i o n of D f c from D , w h e n D^. < D 
In a d d i t i o n , m o r e c o n s t r a i n t s should be e s t a b l i s h e d : 
D t < D + d+ t = 0, 1,..., T (5.1) 
D t >_ D - d~ t = 0, 1, . . . . T (5.2) 
dt' dZ L 0 t = 0 , 1 , . . . , T (5.3) 
A n d (3.1) can be r e w r i t t e n as f o l l o w s : 
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M a x i m i z e : 
T D n T 
E + [ E a.x. + v. - w ] / ( l + k ) T - c, [ £ (d* + d") ] 
t=0 ( l + k ) c j = 0 3 3 Z * 1 t=0 ^ r 
(5.4) 
9 L V " " - i ^ n ' v r p "rp/ / V -«- ' / rp.T " +. 1 
^ j = 0 3 3 1 1 J.+-L t = Q ( 1 + k ) ^ 
n . T 1 T D t 
-c,[( E a.x. + m - w m ) ( l + k ) A c , - rTTTT Z r ] 
The n u m b e r of c o n s t r a i n t s of this m o d e l is g r e a t e r 
than the m o d e l in C h a p t e r I I I , so the o p t i m a l i t y a n a l y s i s 
m i g h t be m o r e c o m p l i c a t e d . In a d d i t i o n , some i t e r a t i o n s m a y 
b e n e e d e d to e s t a b l i s h an a p p r o p r i a t e value of 5. 
F i n a l l y , the n e x t step in i m p r o v i n g the p r e s e n t w o r k , 
is to u s e i n t e g e r p r o g r a m m i n g for s o l v i n g o u r n o n l i n e a r m o d e l 
T h i s w i l l add m o r e r e a l i s m to the r e s u l t s o b t a i n e d so far. 
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A P P E N D I X A 
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110 
/JOB /NHSFG JO*,T200. MSFR. GfcT , wnOKT. 1 #CLT,r>ATA. HtlODTNG.l SET 1. WEADTNG. 1 Cl 8. C2 1.5 2. F'l'»'rT=»"OnEM,L50,ER. : LGn ,HATA ,OUT• P.OUT. G£T,FZT.P/UN = Tfc:306AC. CALL,fci7LP. /fcOR 
RUN,OUT 
T.I S T 
MSF PKTMAL FNn 
/tOR 
I l l 
A P P E N D I X B 
FORTRAN C o d e of the L i n e a r M o d e l 
1 1 2 
PROGRAM M O D C L l ( I N P U T , O U T P U T ) 
DIMENSION A ( 2 0 » 2C ) t CD 1 (<:C ) , C0 2(2GNCDi(2Q),CO(cO ) » CD*- ( 20 ) » 
XCDb (2 G) , C A i ( 2 0 ) , C X 2 (c: 0 ) , CX ( 2 0 ) , C X 5 ( 2 0 ) « 3 M (2 U ) * R 2 (c 'G) , 
XRL ( 2 0 ) , > L E N D ( Z 0 ) ' , > B O R R (ED ) , NS (5 C) , Y (Z C) , NL ( Z 0 > , J J ( 2 3 ) • 
X?3 ( 2 3 ) tC ( 2 b » 2C) , N5S ( 2 0 , 2w) • N P ( 2 0 ) t NN£ ( 2G» ? 0 ) , NNP ( 2 o ) , J J J (2C t £u > 
c " • * 
C * PROGRAM WRITTEN 3 Y P A T R I C I O G. MURGA 
C * SCHOOL OF I N D U S T R I A L AND S Y S T E M S fe NG INEE RING 
C * GEORGIA I N S T I T U T E OF TECHNOLOGY 
C * 
C * COPYRIGTH 3Y P . G . MURGA 
C • * 
C * MOST RECENT V E R S I O N OF THE PROGRAM * 3 / 3 0 / 7 8 
C * CREATED * 5 / 1 5 / 7 8 
C * LOCATED IN MO D E L I * I E 3 0 2AJ 
C * 
C * 
C * T H I S PROGRAM CALCULATES THE C O E F F I C I E N T S OF THE LINEAR 
C * MODEL A NO ARRANGE THcM IN A CONVENIENT 'WAY TO INPUT THE 
C * DATA TO E Z L P . 
C * 
C * 
C * D E S C R I P T I O N OF DATA I N P U T ? 
C * 
C * N NUMBER CF P R O J E C T S 
C * NT LFNGTH OF THE HORIZON! 
C * 0MIN MINIMUM D I V I D E N D S PAID PER YEAR 
C * M MAXIMUM P R O J E C T L I F E 
C * - C l VALUE OF THE . PARAMETER ASSIGNED TO THE C I 7 I 0 - N J 
C * SLOPE 
C * C2 VALUE OF THE PARAMETER ASSIGNED TO THE D I F F E R E N C E 
C ' * 3 E T V! E F N Tc R * IN A L WEALTH AND D I V I D E N D S 
C * Co VALUE OF THE PARAMETER INVOLVED IN THE HORIZON 
C * PAY-OIT RATIO 
C * XK S T O C K H O L D E R * DISCOUNT R£T E 
C * A MA T R I> CONTAINING THE CASH FLOWS OF THE P R O J E C T S 
C * , R3 VECTOR CONTAINING THE BORROWING RATES FOR THE 
C * HORIZON 
C * RL VECTOR CONTAINING THE LENDING R A T E S FOR T-<E 
C * HORIZON 
C * 3H VECTOR CONTAINING THE BUDGET CONSTRAINTS FO«-' THE 




DATA M / 1 0 / 
DATA C l / 8 . / 
DATA C 2 / 1 . 5 / 
DATA C 5 / ^ . / 
N T T = N T + i 
DATA X / 0 . G 9 E / 
M = M*1 
RE A 0 1 0 0 , ( (A ( I , J ) , J = i , Ml , 1 = 1 , N ) 
READ 1 0 1 , ( R 3 ( I ) , 1 = 1 , N T T ) 
RE A O I C l t (RL ( I ) , T = 1 , N T T ) 
READ 1 Q 2 , ( 6 M ( I ) , 1 = 1 , N T T ) 
ICQ F O R M A T ( 7 F 1 0 . C ) 
1 0 1 F O R M A T ( 6 F t • 5 ) 
1 0 2 F O R M A T ( 6 F 7 . 0 ) 
1 1 3 
C 
g D I V I O E N Q S C O E F F I C I E N T S COMPUTATION 
TT = NT 
OO 2 I T = i » NT T 
X L E N Q ( I T ) = i + R L ( I T ) 
ABOR* ( I T ) = i * R 3 ( I T ) 
I F ( I T . S T . l ) GO T O 3 
L T 2 = 0 
DO ** I T T = 1 , W T T 
L T 2 = L T 2 * ( I T T - I ) * * 2 
L CONTINUE 
T 2 = L T 2 
3 CONTINUE 
T - I T - 1 
C O i ( I T ) = 1 / ( I f X K ) » * T 
CD* ( I T ) = ( T - T T / 2 ) / ( T c - ( T T * * 2 ) M T T « - l ) / « * ) , 
C D 5 ( I T ) = C E / ( ( T T + l ) * ( l + X O * * T ) 
CD2 ( I T ) = C D < * ( I T ) * Q 1 
CO ( I T ) = C D i ( I T ) - C D 2 ( I T ) * C 0 3 ( I D 
C D 5 ( I T ) = C Q ' 5 ( I D / C 2 
2 CONTINUE 
C 
C P R O J E C T 3 C O E F F I C I E N T S COMPUTATION 
C no i J=I,.N 
C M ( J ) = o 
NTTT = NT T-f 1 
DC 5 I = N T T T . M 
T = I - N T T 
C X I < J ) = C X 1 ( J ) + A ( J , I ) / ( i * X K . ) * * T 
5 CONTINUE 
CAI(J)=CX1(J)/(li+XK)**TT) 
CX2 ( J ) = C X i ( J ) * C 2 / C ? 
cx(J)=c<:(j)-c*2(J) 
CX 5 ( J ) = C X i ( J ) / C 3 
1 CONTINUE 
C 
C COMPUTATION OF THE C O E F F I C I E N T S RELATED T O BORROWING AND 
C LENDING 
C \ f i = l / < H - * K ) * * T T 
cv.5=cv:/C3 
C \ / 2 = C V 3 * C 2 
C \ / = C V 1 - C V 2 
CW = CV 
CW3=CV3 
DO 6 I = 1 , N T T 
Y ( I ) = A 3 S ( C O ( D ) 
I F ( C O ( I ) . G E . C ) GO TO 7 
N S ( I ) = 1 H -
GO TO 8 
7 N S ( I ) = 1 H 4 -
I F ( I . N E . l ) GO TO 8 
Y ( l ) = C D ( i ) 
N S ( 1 ) = 1 H 
8 CONTINUE 
N E ( I ) = 1 H 
6 CONTINUE 
NE ( N T D - l H g , 
DO 9 I = i » NTT 
1 1 4 
J J ( I ) = 1 - 1 
9 C O N T I N J E 
C P R I N T O B J E C T I V E F U N C T I O N 
C 
P R I N T 1 0 1 0 FORMAT ( i X ,"MAX tK " ) 
I F ( N T T . G T . 5 > G O T C £ 0 0 
P R I N T i i , ( N S (I) » Y ( I ) , J J ( I ) , N E ( I ) , 1 = 1 , M T ) 
G O T O 2 u i 
1 1 F O R M A T U 0 (IX , Al , F 8 . 3, M D ' \ I i . A l ) ) 
2 0 0 N E(5 ) = i H r i 
P R I N T i i , ( N S ( I ) , Y < I ) , J J ( I ) , N t ( I > , I = l , 5 ) 
P R I N T i l , (NS ( I ) , Y ( I ) , J J ( I ) , N E ( I ) , 1 = 6 , N T T ) 
2 0 1 C O N T I N U E 
Nl'M = 0 
J = 0 
NUM2=0 
O O 1 2 I - l , N 
I F ( C X ( I ) . E Q . O ) G O T O 1 J 
J = J + i 
I F ( J , G E , 1 C ) G O T O 1 7 
N U M = N l M 4 - i 
GC T O 1 8 
1 7 NuM£ = NjM2«-l 
1 8 C O N T I N U E 
I F ( C A ( I ) . G E . C ) G C T C lc 
B ( J ) = A 3 S ( C X ( I ) ) 
N S ( J ) = i H -
G O TO 1 5 
lu 3 ( J ) = C * ( I ) 
N S ( J ) = i H * 
1 5 J J ( J ) = I 
1 3 C O N T I N J E 
1 2 C O N T I N U E 
N E ( N U M ) = ! H * 
I F ( N U M . G T , 5 ) G O T O 2 0 2 
P R I N T i b , ( N S ( I ) , 3 ( I ) , J J ( I ) , N E ( I ) , 1 = 1 , N U M ) 
G O T O 2 0 E 
1 6 F O R M A T ( 9 ( i X , A i , F 9 . 0 , M X , \ I i , A i ) > 
2 0 2 N E ( 5 ) = l H i 
P R I N T 1 6 , ( N S ( I ) ,B ( I ) , J J (I ) , N E ( I ) , I=i,S>> 
P R I N T 1 6 , (NS ( I ) ,P ( I ) , J J ( I ) ,Nc" ( I ) , 1 = 6 , N U M ) 
2 0 3 C O N T I N J E 
IF(NUtf2 , L E.G) G O T O 1 9 
K = N U M + 1 
N L M 2 = N J M f N U M 2 
N E ( N U N Z I = 1 H S 
P R I N T 2 0 , ( N S ( I ) , 3 ( I ) , J J ( I ) , N E ( I ) , I = K , N U M 2 ) 
2 0 F O R M A T ( 9 ( I X , A 1 , F 9 • 0 , X M , I 2 • A 1 ) ) 
1 9 J J ( i ) = N T 
IF(C\/) 2 1 , 2 2 ; 2 3 
2 1 C W W=ABS(CW) 
P R I N T 2 * » » C V » J J ( 1 ) , C W w , J J ( i ) 
2<* F 0 R M A T ( l x , F 9 . u , " V A , I l , , , + M , F 9 . U , " W M , I D 
G O T O 22 
2 3 P R I N T 2 5 , C V , J J ( i ) , C f c . J J ( i ) 
2S F O R M A T < i X , " + " , F 9 . w , " V M , I l . " - % F 9 . „ " W ' M l ) 
22 C O N T I N U E 
O O 2 6 J = 1 , N T T 
N P ( J ) = C 
C 
1 1 5 
NNP (J ) =li 
K = 0 
DO d7 I = . » N 
I F ( A ( I , J ) . E Q . O ) GO TO 2 8 < = <•! 
I F K . N E . i ) GO TO 3 1 
C(<,J )= -A ( I,J) 
NSS(K,J)=1H 
GO TO 3U 
3 1 C ( < , J ) = A 3 S ( A ( I , J ) ) 
I F ( A ( I , J ) 0 ) GO TO 29 
NSS (K, J) = 1H> 
GO TO 3 0 
2 9 N S S ( K , J ) = I H -
3 0 C O N f I N J E 
NNE (K , J)=1H JJJK,J)=I / 
I F d . G E . i b ) GO TO 3 5 
N P ( J ) = \ P ( J ) + X 
GO TO 2d 
3 5 NN'-3 (J > = NNP ( J > •! 
2 3 CONTINJE 
2 7 C O N T I N J E K=N n(J) 
NNE (K, J) = iHS, 
2 6 C O N T I N J E 
C 
C PRINT CONSTRAINTS 
C 
PRINT 3 -
3 - FORMAT ( 1 \ , " S T H " ) 
L = N 3 ( i > 
IF ( L . G T . 2 ) 3 0 TO 2 0 ^ 
PRINT 3 o , (NSS ( I , 1 ) , ' C ( I ,1) , J J J ( I , 1 ) t N N E ( I , l ) , I = 1 , L > 
*o FOR MATH U * ' , A 1 , F 8 , 0 , M X , M 1 , A 1 ) ) 
2 0 u NNE (5 , 1 ) =1HS, 
PRINT J o , (NSS ( I , 1 ) ,C ( I , i > , J J J ( I t 1 > • N N L ( I , 1 ) , I = 1 , E ) 
PRINT 3 c » ( N 3 S ( I , 1 ) , C ( I , 1 ) » J J J ( I , i ) , N N E ( I , l ) , I = 6 , L ) 
2 0 5 CONTIN'JE 
I F ( NNP C ) . EQ. 0 ) GC TO 37 
K = N J ( i ) 4 - l 
N N 3 ( 1 ) = N N P ( 1 ) + N P ( 1 ) 
L = N N P ( 1 ) 
NNE(L , i ) = 1HK 
PRINT 3 S , ( N 5 S ( I , 1 ) , C ( I , 1 > , J J J ( I , i ) , N N E ( I , l ) , I = K , L ) 
3d FORMAT IB ( I X , A i , F 8..0, " X * \ 1 2 , A l ) ) 
3 7 CONTINUE 
PRINT : 9 , 3 N ( 1 ) 
3 9 FCR1AT U x , M + V 0 - W G + D C < = " , F 7 . G ) 
DO -u J= 2 , N T 7 
PRINT ,1 
-1 F O R M A T U X , " A N Dr*" ) 
L = N ° ( J ) 
I F ( L . G T , 5 ) GC TO 20 E 
PR I NT - 2 , ( N S S ( I , J ) ,C ( I,J) ,JJJ ( I « J ) v NNE (1 , J ) , 1 = 1 , L ) 
GO TO 2 0 7 
L Z FORMAT ( 9 (..>. , A l , F 8 . G * , , > " , I i t A i ) ) 
2 0 c NN:. (5 , J) =.ri\ 
PRINT uj, (N5S ( I , J ) , C ( I , J ) ,JJJ ( I , J ) , NN E d , J ) , I = 1 , 5 ) 
PRINT - 2 , (NSS ( I , J ) , C ( I , J) , JJJ ( I , J ) , N N t ( I , J > , I = t , L ) 
1 1 6 
2 C 7 CONTINUE 
I F ( N N P ( J I . E F L . O ) G C 1C 
K = N P ( J > * 1 
N N P ( J ) = N P ( J ) + N N P (J) 
L = NN° (J > 
N N E ( L , J ) = . H ^ 
PRINT I.w, ( N S S (It J ) ,C(I,J> , J J J ( I , J ) , N N c(I,J) , I = K , L ) 
4 4 F 0 R M A T ( 6 ( i K , A I , F 8 . C , " X , M 2 , A l ) ) 
4 3 CONTINJE 
K - J - 1 
L = K - * 
PRINT u 5 , K , K , K , X L F N D ( J ) , L , Y 8 0 R i ? ( J ) , L , B t f ( J ) . I M I T 
4Q C O N T I N J E 
DO Uc I = i , N T T 
I F (CO*. ( I ) . G t . C> GO TO *7 
I F ( I . N E , i ) GO TO 9 9 
3(I ) = C D -(I) 
GO T O 4>i 
9 9 8 ( 1 ) = A 3 S ( C D W ( I ) ) 
N S ( I ) = I H -
GO TO *• 4 
« 7 B ( I ) = C 0 4 | I ) 
N S(I ) = 1 H + 
vb* C O N T I N J E 
J J ( I ) = I - i 
N c ( I ) - H 
H 6 C O N T I N U E : 
N S ( i ) = l H 
N E ( N T T ) = 3 H > = G 
PRINT w9 
4 9 FORMAT ( I X , , f AND I 
I F ( N T T . G T . 5 ) GO TO EC tt 
PRINT SC, (NS (I) , 9 (I),JJ(I) f N E (I) , 1 = 1 , N T T ) 
GO TO 2G9 
EG FORMAT ( l x , A i , F t . < . , " D 4 , , I l , A 3 ) ) 
2 0 3 NE ( 5 ) = 1 H \ 
PRINT 5 0 , (NS ( I ) , B (I),JJ(I) ,NE (I) , 1 = 1 , 5 ) 
PRINT 5 0 , (NS (I) , 9 (I),JJ(I),NE(I) , I = t , N T T ) 
2 0 9 C O N T I N J c 
LL = 2 H > = 
DO E l J = 1 , N T T 
PRINT 5 2 , J J ( J ) , L L , O M I N 
5 2 FORMA T ( I X , " A N D t D , I I , A 2 , F 7 . 0 ) 
5 1 . C O N T I N J E 
NUM = C 
NUM2=0 
J = 0 
DO 5 3 1 = 1 , N 
I F ( C X 3 ( I ) . E Q . O ) GO TO 5 3 
• J = j * i 
I F ( J . G E . l O ) NUM2 = NUM2 + 1 
NUM-NUM+i 
I F ( C A 3 ( I ) ) 5 4 , 5 - , 5 5 
5 5 9 (J ) = C > 5 ( I ) 
' N S ( J ) = 1 H > 
GO TO 5 b 
5 4 B ( J ) = A 3 S ( C X 3 ( J ) ) 
N S ( J ) = 1 H -
5 6 CONTINUE 
« 
117 
IF(J.NE.l) GO TO 5 7 3(J> = C*3 (I) 
ns(J)=:h 
57 continue 
NE(J)=iH JU(J)=I * 53 CONTINUE NE(N'Ĵ )-iH* PRINT B>6 58 FORMAT (IX . "AND* V) I F ( N J M • 3 T , u ) GO TO 2 1 0 PRINT 59, (NS (I) , 3 ( I ) ,JJ ( I ) , N E ( I > , I = i , N U M ) 
GO TO 211 ' ' 
5 9 FORMAT(8(IX * A l , F l l # 3 « X » I i » A i ) ) 
210 NE'UI=i*U PRINT 59, (NS (I) ,B (H , J  (I) ,NE (IV ,1=1, PRINT 3 9,(NS(I),B (I),JJ(I).NfcCI),1=5,NUM) 211 CONTINUE IF(NUM£.EO.0) GO TO 6 0 K=NUM*i 
NUM2=NUM*NUK2 Nt (nu>£) =:h«, P̂l U c i , (NS (I) ,3 (I),JJ(I),NE(I),I = K ,NUM2) 
c l FORMAT (1> , A i , F i i . 3 , , , X , , , I 2 , A l ) 6 0 CONTINUE JJ(l=NT PRINT c2 ,C\/3, J  (1) ,CW3,JJ (1) , NE (NUM) 62 FORVAT (i . / . , , ' * , , , F 1 0.i . , " V - , I l,"-"f F 1 0 . I » , " W M , I 1 , * 1 ) DC 63 1=1,NTT NS(I)=1H-NE (I)=1H JJ(I) -I-i 6 3 CONTINUE NE(NTT)=3H>=0 IF(NTT.GT.-0 GC TO 212 P*INT c - , (NS (I) ,C05(I),JJ(I),NE(II,1 = 1 , N T T ) G C T 0 21 6 
6L FOR M i l (7 ( * X , A l , F i G . A . , " 0 , M i , A 3 ) ) 
2 1 2 NE(*)=iHfc PRINT i i . (NS (I) ,CD5(I) .JJm.NE m» 1 * 1 , 4 ) PRINT 6-, (NS ( I) ,CD5(I),JJ(I),NE(I), I = 5,NTT) 213 CONTINUE O  62 J=i,N IFU.GE.iO) GO TO 67 ~ T PRINT c«*,J 68 FORMAT (iX,'*ANO* X " , I i , < = i ) GC TO 69 67 CONTINUE PRINT 70,J 
7 0 FORMAT ( i X , A N O l X " , I 2 , M < = 1 " ) 69 CONTINUE 65 CONTINUE " ~ PRINT 71 • 71 FORMA T(1X » " A N O l ALL V A R S > = 0 " ) STOP END 
A P P E N D I X C 
S U B M I T F i l e C o d e of the N o n l i n e a r M o d e l 
1 1 9 
FTM,T = MOOfc!.2,L = 0 , E R . 
r . G n . n A T A ^ A l ' F I L . 
p OATf'Tij* 
ATTACH, M P 0 S / H N = L I B R A R Y . M p n s # 
TJTLF 
r i O . O ^ O I f 2 0 . 0 0 b ? 0 . 
PfcflliF 
VA'M ABT b;S 
Yl rn y^P 
PACKED 
r p M S T R A I W T S 7 2 
+ + + + + + «----«-- +* + 
FtfPM»T 
f 2 T 1 0 , F 2 0 . 5 ) 
Pt.ftb DftTF1T. 
THFC* 
f) H T l M i 7 E 
/ k- n R 
A P P E N D I X D 
F O R T R A N Code of the N o n l i n e a r M o d e l 
1 2 1 
PROGRAM M U 0 E . I , 2 ( I N P 1 1 T , O U T P U T ) niMEMSTON fl(50,50),RB(SO),RL(50),bM(^u>,0(Ro,50),Tf5*, , ireful .V\NVX(50) 
C ******* ****** ******** ****** *************************************** 
r * 
r * P R O G P A M W R T T T K N B Y PATRICIO r:. MMHCA 
r * SCHUHL OF I N D U S T R I A L AND SYJiTEMJ> fc.Mc,TNptRlNi, 
c * GEORGIA . I N S T I T U T E O F T E C H N O L O G Y 
c * 
c * C O P Y P I G T H B Y P . G . « U P G * 
c * C * M U S T R F C F N T V E R S I O N O F T H E pPOGRAfc : b/30/7b C * PRFATtD : 5/15/7* r * L O C A T E D T N MODFL?,Tt3o?AJ c * r * r * TH T S PROGRAM CALXUT-ATbS T H F COFIr Flf IFĵTS OF ThF MUMLTUFAR f * MOHET, »ND A R R A N G F THFtf I N A CU*'VFfcTfc;*'T W»Y. TP INPUT T H F C * OATA TH M p n s . 
R * 
R * 
f * HESCRIPTTOM HK D*TA INPUT; 
r * 
r * N N U W H F R O F P R O J E C T S r * NT TiEMGTH OF THF H(jP1ZQN C * DM1M MlNxM(|M DIVIDENDS PATU PFk YFAR 
C * M M A X I M U M P R H J F C T T IFE f * Cl VAT.UF OE T H E P A R AtfF'IFR A S S I G N E D TO T H E (JlADRA'fTC r * P I P V F R F N C E S O F T H E Div-r̂r̂ns 
C * C 7 VAUIF O F THE P A R A MFT'FR A S S T G M En Tu THE u T E F E R h.M C F f * RfcTŵE*' TERMINAL W F A T. T H A fM D DIVIDENDS 
r * C3 VAr.iJF nF T H E P A R A M F T F K I N V O L V E D IN T H E HnnTzn,, 
r * P A Y - O U T P A T I O 
r * X K S T O C K H O L D E R S 1 D I S C O U N T R A T F C * A M A T R I X CONTATtiTNT ThF CASh FUiWJ> LiF TtjF PhOĵcT̂  r * R P V E C T O R C O N T A I N I N G ̂HF PURKOWTNC. PATt,9 rl(o ThF f * H0PI7.OM r * RT. VECTOR CONTATiMTNC THF ! • E N DIN G RATES Fu" TH* C * HORIZON C * &M VECTOR CONTAINING THF PUDGFT CONSTRAINT̂  KOR THE C * HORIZON r * 
R * r * r ****************************************************************** DATA XK/O.H9S/ OATA Cl ,<"2,C3/0.O0Ol ,6. ,?0./ 
D AT A M/10/ HATA N,NT#nMTN/10#5#S.OO0/ M = M + 1 MTT=NT+1 READ 1 , ( f Afl, Jl ,.7=1 ,M) , 1 = 1 ,N) p E A D 2, CRBf Jl , .1=1 ,MTT) READ 2, (PL(J) ,.T = J ,MTT) PEAD 3,(RN(J),J=l, NTT) 1 FORfoATOFlO.O) • 7 FU»MBT6F5.3) 3 MA  f6F7 » 0 ) MTTT=NTT+1
1 2 2 
C C C O M P U T A T I O N O F THE P 3 S T - T CASH FLOWS P R E S E N T WORTH 
C DO 10 1 = 1 , N P W H X ( I ) = J , 
DO 1 1 J = N T T T , M T T = J - N T T 1 1 P W H x ( I ) = P W H X ( I ) + A ( I , J ) / (1 +X K) ** TT 
10 C O N T I N J E 
C C C O M ° U T A T I O N OF THE Q U A D R A T I C TERMS C O E F F I C I E N T S OF THE C O B J E C T I V E F U N C T I O N C 00 12 J = i , N 00 13 1 = 1 , N Q ( I , J ) = - C 2 * P W H X ( I ) *PWVJX (J ) / (C3 * ( 1 +X* K) * * N T ) * * 2 13 C O N T I N J E N 1 = N * 1 N2 = N + NTT 00 1-+ I = N i , N 2 Q ( I , J ) = 0 . 
LV>Q(I ,J ) = ' J ( J , I ) 
« ( N 2 , J ) = - C 2 * P W H X ( J ) / ( C 3 * ( 1 + X K ) * * N T ) * * 2 Q(J,N2) =;}(N2, J ) 
N3=N2+I N-=2*NTT4-N DO 15 I=NJ,N*. Q ( I , J ) = 0 . 15 Q ( J , I ) = Q ( I , J ) Q<Nt . , J )=PWH>. < J ) * C 2 / < C 3 * ( 1 * X K ) * * N T ) » * 2 Q(J,NW)=Q(NUFJ) • N5=NU+I NC=3*NTT+N DO I t I = N E , N 6 TT=I-N5 
Q ( I , J ) = P W H > ( J ) * C 2 / ( C 3 * ( N T + i ) * ( ( 1 + X < ) * * { . N T f T T ) I) 
15 t J U , I ) = Q ( I , J ) 12 C O N T I N U E 
00 1 7 J = N 1 , N 2 DO 18 I=Ni,N2 
16 Q ( I , J ) = b . Q < N 2 , N2> = - C 2 / (C J * (1«->'K> * * N T > * * 2 
DO 19 I=N3,N-
Q ( I , J ) = 0 . 19 Q ( J , I ) = 0 . Q ( N * , N 2 ) = C 2 / < C 3 * ( i + X K ) * * N T ) * * 2 Q(N2,NU)=Q(NW,N2) DO 20 I=N5,N£ T T = I - N 5 Q ( I , J ) = 0 . Q < I , N 2 ) = C 2 / ( C 7 M ( l+,S<)**(NT# , TT) ) * (N T f 1 ) ) 20 Q ( J , I ) = Q ( I , J ) 1 7 C O N T I N J E DO 21 J=N3,NT DO 22 I = N3 ,N»-22 Q ( I , J ) = G . Q ( N * , N ~ ) = - C 2 / ( C 3 * (i*XK)**NT)**2 DO 2 3 I = N 5 , N 6 T T = I - N 5 Q < I , J ) = 0 . Q { I , N - ) = - C 2 / ( ( N T + 1 ) » C 3 * ( ( 1 + X K ) * * N T ) * ( ( 1 + X K ) * * T T ) ) 
1 2 3 
2 3 M J , I ) - Q ( I » J ) . 
2 1 CONTINUE 
OO 2 - J = N 5 , N t 
OO 2 5 I = N 5 , N £ , 
T I = I - N 5 . 
T J = J-Nr 
I F C J . S U . I ) GO TO 2 6 Q ( I , J ) = - C E / ( ( (NT + i ) * * 2 ) M (!•><) *MT I + T J ) ) ) 
GO TO £5 
2 6 Q ( I , J > = - C 2 / ( ( (NT + i ) * * 2 ) * ( ( 1 * X K ) * * ( T I + T J ) ) ) - 2 * C i 
2 5 C O N T I N J E 
Zk CONTINUE 
Q ( N 5 , N 5 I = - C 2 / < N T + l ) * » 2 - C l 
Q ( NE, Nb ) = -C 2 / ( (NT + 1 ) * ( ( i + > K ) **NT> * * 2 ) - C l 
DC 27 J=N5,NU 
JO 2 8 I = N 5 , N b 
T I = I - N = 
TJ=J-N= 
I F ( J • NE. • I ) G O T O 2 ^ 
I F ( J . E Q . N E ) GO TQ 2 8 
J J = J * i 
T J J = T J + i 
Q ( J J , J ) = - C 2 / ( ( (NT • i ) * * 2 ) * ( ( i + X O * M T I * T J J ) ) ) + 2 * C 1 
Q ( J » J J ) = Ci (J J , J) 
2 8 C O N T I N J E 
2 7 C O N T I N J E 
C 
C COMPUTATION OF ThE LINEAR TERMS C O E F F I C I E N T S CF THE O B J E C T I V E 
C FUNCTION 
C 
• C 2 9 J=1 ,N 
2 9 C ( J ) - P W H X ( J ) / ( 1 O K)** NT 
DC 30 J = N i f N«~ 
3C C ( J ) = G . 
C (NJ> = 1 / ( i + X K ) **NT 
C ( N - ) = - i / ( 1 + X O * * NT 
OO 31 J = N 5 , N t 
TT=J-N: 
3 1 C < J > = 1 / ( 1 + X K ) * * T T c 
C T ( I , J ) I S A MATRIX CF THr C O E F F I C I E N T S OF THE C O N S T R A I N T S ' 
C V A R I A B L E S 
C 
DO 3 2 1 = 1 , N T T 
DO 3 3 J = i , N 
3 3 T ( I , J > = -A ( J , I ) 
I F ( L t O . 1 ) GC TO 3 4 
DO 3 5 J = N i , N 2 
IF(J .EQ .H-N) GO J O 3 6 T( I , J )=£ . / 
GO TO 3 5 
3 6 T ( I , J ) = ! • " 
J . v i = J - l 
T ( I , J M 1 ) = - ( l + R L ( I ) ) 
3 5 C O N T I N J E 
DC 3 7 J = N 3 f N A 
I F ( I + N + N T T . E Q . J ) GO TO ob 
T ( I , J ) = Q , 
GO TO 37 
3 8 T ( I , J ) = - 1 . 
J M i = J - l 
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T (I, J M l ) =1 + RB ( I ) 37 CONTINJE GO TO iC t ) • 
3 «*• CONTINUE DO l u 1 J = N1 . Nit 
1G I T ( I , J ) = 0 • 
T < i , N i > = * , 
T (1, N 5) = -1 ICO CONTINUE 
DC >9 J = N 5 , N c IF (J. ETJ. I +2*NTT+N) GO TO HO 
T ( I , J ) = J . GC TQ 3-* 
- 0 T ( I , J ) = i . » 3 9 continue 3z continue n? = 'MTt + : N5=2*NTT 
O  * i I = N 7 . N f t 
DU - 2 J =1 , N w cu T ( I , J ) = ( j . DC -5 J = \ ; , \L IF ( J, E'J. I + N+NTT) GO 10 u 
T ( I , J ) = u • GO TQ » : 
C H T ( I , J ) = 1 • 
.-3 C J T I \ J -i-l CONTINUE 
N9 = N-* * i 
NIC = 2 • N T T * N DO I=N9,NiG DC «*e J=lfN ' 
I F ( J . F Q . I-Z«NTT) GO TO - 7 
T (1 , J ) = G • GO TO 
- 7 7 { I , J ) = 1 . cE CONTINUE DC J=N1,NE 
u 6 T ( I , J ) = J • - 5 CCNTINl'E Db pIN5 RIGTH HAND SIDt DO -9 1=1, NTT 
N E 1 = N E f 1 1 
T(I,NE:)=:3M(I> 
UO 5 0 I=N7,NM 5C T (I,Nf1)-DMIN DO I=N9.N10 
5 1 T < I , N M ) = 1 . DO bf; 1=1, No DC 61 J=1,N6 IF(Q(I,J)•EQ.O.) GO TO 6 1 
I I = - I 
J J = - J PRINT E 2 , I I , J J , Q ( I , J ) 6 2 FCRMAT(2IlO,F20.5) 61 CONTINUE 60 CONTINUE DO o 5 J = i , Nfc 
1 2 5 
IF (C (JL.ID. I I GO TO £3 
. J G = C P-INT CE,JG,J,C(J) 6 3 CONTINJE OO 6- 1=1.NIG OO EE J =I » NE IF(r( I,J) .EQ.0) GO TO 65 PRINT :E»IIJ»T(I,J) I5 CONTINJ. 6T CONTINJE 0 0 co I=I,NIC IG = 0 PRINT S2,I,10,T(I,NE1) 1 65 CONTINJ-STOD END 
1 2 6 
A P P E N D I X E 
S e l e c t e d R e s u l t s of t h e L i n e a r M o d e l (Set 1) 
127 
T A B L E E - I 
L I N E A R M O D E L 
S E T 1 
X I C O C O 0 . O O C C O C O C . O G O 
X 2 0 * 0 0 0 0 . 0 0 0 C . O O G 0 . 0 0 0 
X 3 1 . U 0 G L . U G O 1 . 0 0 0 1 . 0 0 0 
XL L . O C O 1 . 0 0 0 . 7 9 C . 4 7 3 
X 5 . 6 1 7 " . 6 1 7 . 7 4 5 . 7 1 1 
X 6 C • 0 C C 0 . G O O C O C O . C . C C O 
X 7 C . C D C 0 . 0 0 0 C . O O C " C . O O D 
X 6 0 . 0 0 0 0 . 0 U U C O C O C C 0 0 
X 9 . 5 2 5 . 5 2 5 L . O C O 1 . 0 0 0 
X 1 G 1 . 0 0 0 I . O O J C . O O D 1 . 0 0 0 
V O G . 0 . 0 . 0 . 
V I 0 . 0 . 0 • 0 • 
V 2 0 . 0 . G . Q . 
V 3 C . 0 • 0 • 0 . 
V * C . 0 . C 0 . 
















6 6 7 8 C . 
5 6 1 8 0 . 
2 6 4 2 C 
5 0 0 0 . 
1 C 5 5 C 
L 7 7 0 C 
6 V 4 7 D . 





6 6 7 8 G . 
5 6 1 8 0 • 
2 6 V 2 0 . 
5 0 0 0 
1 0 5 5 0 
4 7 7 0 0 
6 4 V 3 0 
5 0 0 0 




7 5 6 5 0 . 
6 3 4 Q 0 . 
3 1 1 9 0 . 
5 0 0 0 . 
3 0 7 3 0 . 
7 3 7 5 . 
0 V V 8 C 
5 0 0 C 
5 0 0 0 . 
• 0 . 
0 . 
0 . 
7 3 3 0 0 . 
6 - 1 4 8 - C 
2 9 9 2 0 . 
5 0 0 0.. 
1 5 7 0 0 . 
3 7 4 8 0 • 
6 9 5 U Q . 
5 0 C 0 • 
5 U C 0 . 
T E R M I N A L 
W E A L T H 
A V E R A G E 
O I V I O E N D 
2 8 9 2 4 . 
2 2 9 * 6 . 
2 6 2 8 1 . 
2 8 9 2 4 . 
2 2 9 * 6 . 
2 6 2 8 1 . 
2 8 9 1 1 . 
2 2 9 7 0 . 
3 1 7 9 8 . 
2 8 9 2 1 . 
2 2 9 5 3 . 
2 6 C 8 C . 
S T D . 
D E V I A T I O N 
V A L U E O F C 3 1 . 0 
" V A L U E O F C L ~ 
V A R I A B L E 0 . 5 2 8 1 0 
1 2 8 










VALUE OF C l 




















0 . C 0 0 
0 .oc C • 0 b 0 
. - 7 0 







0. 00 G 
1 . GOG 
1 . GOG 
. 7 2 7 
0 . GU 0 
u . G3 G 
U.GOG 
. . . 7 0 







C • u G 0 
C O C O 
1 . 3 0 0 
.73G 
. 365 
0 . ii 0 J 
u • u c 
C OGG 
1 • G 'j G 
• G 1 5 
w . 
f 
w * G • C • 
C O G 0 
coca 
1 . 0 00 
• " 1 3 
. H 7 1 
0 • G C 0 
con: 
C G G G 
i. • 0 0 0 












L 2 6 1 C 











5 0 ^ 1 0 









5 OGC 7106. 4fci5G. 524EC. 5 00G. 5 000 . 
50 Oo . 
7 1 0 6 . 
Uol50 . 
5 ? * 60 • 
50 0 0 . 
50 00 . 
500C. 
2 7 65 C . 
500G. 
7 2 8 7 C . 
5 0 G C . 
500C. 
5 0 0 0 . 12*40 . 34b C G • 
5 8 1 6 C 
5 J G G . 
5 0 0 0 . 
TERMINAL 
WE ALTH 
A V RR A r.~ 
OIVIDE NO 
5 G 687, 
2 G 1 1 9 . 
2 2 7 1 C . 
50&87. 
2 0 1 1 9 . 





2 0 1 3 3 . 




VALUE OF CZ .3 VALUt OF C3 u.O 
TA3LE E-3 LINEAR MODEL SET l 
VARIABLE 0. VALUE OF Cl 2 10 XI X2 X3 X4 X5 X6 X7 
x a X9 X1G 
vc VI V2 V3 V-V5 
COCO 0*000 1.000 .722 .93 0 0.000 ccoc coco 
1 . 000 0. 0. 0. 0 • 0. U220. 
0. coc 0. 00 0 1. 000 . 722 .93 0 0.00 0 C. OOC 0.00 0 • 646 1 • 0 c c Q . 0 . 0 • 0 . 0 . 
14220 • 
0 • 0 c c 
cooo l.OCO .825 l.CO  G • G C J CCCC G • C 0 0 .83? .027 0. C. 0. C . 
c. 
11600 . 
0 .GOD 0.000 
i . oc: .33-l.OCO C • 0 <J 0 ». • u o : C.uO  .999 1. 0 0 c 
0. 
n 
U . 0. 0. c • 1161 J. WOWl W2W3W4 W5 
C. 0 . 0. 4 5uO C . 2638C, C . 
0 0 45400 2t?380 G 
0. 0. • 0. 5C26C3 0 3 u • 0 . 
  0502503G720 0 DO Dl D2 03 0-05 
50uC. 5GG0. 38350. 3 8 350. 5 00C. 5 OGu. 
5000 50 0  383 50 33350 50 00 50 00 
5 0 C 2166G. 50Gc. 54S1C. 5 u C 0 • 5 03 L. 
50 0 0 . 8828. 3C690. 42163. 5000 • 5 C C C . TERMINAL WEALTH AVEFAGE DIVIDE NO 81271. 16116. 17221. 
81271. 16116. 17221. 
81254. 16095. 201̂9. 
81264. 16113. 16 214. STD. 
DEVIATION 
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T A B L E 
LINEAR MODEL 
SET ' 1 
VALUE OF C2 
VALUE OF C3 5. u 
VARIABLE 0* 

















C • C C o 
O.OGG 
1*000 
1. 0 0 c 
C O L O 
C.O00 
G • G C C 
.7t o 















1. 00 0 
00 0 
00 0 
0 « 0 0 G 
• 75 3 












C G C 0 
C C G C 
i • G G C 
.729 






2 E 7 5 C 
ccoo 
C . 000 
1. C 0 0 
• fc St 
1. C t 0 
C • L G C 
u •c c c 
G . G 0 G 













L C 2 1 C 




4 02 CO 
20190 
0 
4 2 « r l C 
2 0 7 - T C 
0. 
C 









5 0 G C 
349GG• 
3212C • 








5 0 G C 
1 9 - 7 0 . 
5 0 u C 
4 B 3 5 C 
5 0 G G • 
5 0 0 0 . 
50 0 0 . 




E G G C TERMINAL 
WEALTH 
A VERA GE 
DIVIDEND 
9? 354. 
1 4 6 E C 
11-654, 
9 2 ^ 2 5 . 
1 4 6 5 7 . 
146 31 . 
9 E * G 5 . 
1 4 6 3 7 . 
1 7 5 0 1 . 
9 2 - 2 5 . 
1 4 6 5 C 
1496,0 . 
S T D . 
DEVIATION 
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A P P E N D I X F 
S e l e c t e d R e s u l t s o f the L i n e a r M o d e l (Set 2) 
V 
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. " A B L E F - l 
L I N E A R MCDEL 
S E T 2 
V A L U E V A L U E OF U <L 
C3 
V A R I A B L E •0.? 
V A L U E CR C l 
2 I C 
XI X2 X3 




V3 VI V2 V3 V<-» V5 
l . C G C 1. CO C C O C O C . C O C o • oc r o. coo 
C . C O C 
r INR 





1 . G C 0 l . O C O € . OC u 
o • or o 
O . C G O C . O O r C O C O 
G . C C O U. c c-n 
0.000 c. o. o. 
0 . 1G06G . 3C29C . 
.00 0 .000 • 00 0 .00 J • coo .coo 
. GG r ^ • CO 0 C . U G ii • GO 0 
0 . 0 . "G . 0 • 10 060 . 3 1 2 9 0 . 
l . O C O l . O C O 0 . C C 0 O . C C O -0 • G J C 
.o.oc  
0. C -uO 0 ..0 C 3 0 .0 OC O . C C O 0. 0 . 
c. 
G . 
10 060 . 
WO Wl YZ 
W4 
Y5 
SOCO . 0 . 3 5110. 6 3O R R • "5 G . 
500*C . 3 5 1 1 0 . 63950 . C • C . 
5 OCO . 
c. 
3 5 1 1 0 . 
63 950 . 
0 . 
0 . 
Z>. U U 'C . 
c. 
3 5 1 1 C . 
6 3 9 5 0 . 
C . 
0. 
CO C l C2 C3 04 C5 
5303 . 
6 9CC . 
5 7 6 1 0 . 
63 3 00 . 
5 0 00 . 
5 0 C G . 
5000 . 
6 9 C 0 . 
5 7 6 1 0 . 
6330C • 
50 00 . 
50 0C . 
'5 0CO 6903 . 5 7 6 1 0 . 6330u . 
5 030 . 5 0CC . 
500 G . 
6 9 C Q . 
5 7 6 1 C . 
63 3 0 C • 
500 3 . 
5 0 0 0 . 
T E R M I N A L W E A L T H 
£ V ERA G " O I V I D E N C 
3u2<=0 . 
2 3 3 0 1 . 
28 V 5 8 . 
3029C . 
2 3 3 Q 1 . 
2 8458". 
3U290. 
23 **i v 
' 2 P 4 5 8 . 
3 0 2 9 C . 
2 3 3 0 1 . 
2845 6 . 
S T D , .. 
O E V I A T I C N 
1 3 3 
TABLE F-2 LINEAR MCÔL SFT 2 VALLE CF CC .5 VALUE CF C 3 2.0 
VALUE SF Cl 
VAPTA9LE 0.5 2 8 1C Xl 1.00 0 1.00 0 1.000 i.OCC X2 i.GC . . 1.000 l.CwO 1.030 X 3 0 . C j C 0 . G 0 0 C . 0 G C 0 . 0 C C V4 O.OOC COOG o.noo u.GHO x- CGGC CGi? G.GC? 0.G00 Xf C•C ? C G . 0 0 C G • GO C 0.0 00 X" C CDG G.COQ C .3C CC : G x ? C.GG COCO G • GO C O.GQC XI L.COC 0.00 0 G.CGC O.GOC vu COOP 0 . 0  0 COCO O.CCC V • j 0 • 0 . c. c. VI 0 . 0 . 0 . c V2 0. 0. 0. Q. V - C . 0 . ' 0 . c V- 3122C. 3122C 3122C 3122C V5 5 312C 5 312C. . 53 120 . 5312Q. 
Wi K2 
K3 
c 262G  4 5 ofl n n 
4991. • 0 . 262CC . 453 80 . 0 • 
4 991 0 26 2CG 4 5 3*0 0 
0 . 







5 0 0̂  . 
6 9 C 9 . i-P̂OG . EA420 • 5 0 0  50 0  • 
5300 . 690C 48 7 0-0 . 5442C . 5000 . 5U0C . 
50C0. 6 909. 48700 . 5L 4?0 . 5 GOC . 5 000 . 
5J0C.690C <f370 0 . 5*42 0. 5uC C 5 0 0 C T«TPKIN AL WE ALT H 
A V C ~ A C C 
C I V I C E N C S T C DEVIATION 
53120 . 
2 € 8 3 6 . c 3 87C 
53120. 28338. 23877. 
5312Q . 28 836 . 23 877. 
53120. 28836. 23877. 
13 4 
TAPLE r - 3 
L INEAR MCDEL 
S E T 2 
V A L L r OF. . I 
VALl'E CF C3 4 . 0 
V A L U r CF C l 
V ^ P I A f l L E 0.5 2 
VI 1 . b" • C l . O G C l . C u C l . C C G 
V? l . C G C l . u O O 1 . 3 0 C l . O C O 
Y 3 C .OGG C OP G C.OoC G.uGO 
Va 0 • L 0 C O.CCC C.OOD 3 . rn G y? • • c.csc c ~c c C . GO " J• o CC 
y 6 3 • G 1 C C .OOC C • L 0 C 0 . c: c y 7 c.coc :-. o *<: c. c G J - • o c c 
y s c.nc: c.oc  C . J G C O . G C : y q • c • c o-coco L .OOC coco 
vi-3 J . CO G G • J G C I • G 0 C 0 • 3 C C 
VC C . C . C . 3. 
VI C . r . Ci G . 
V2 G . C . G . G • 
V^ : . C . G• C. 
V4 C * E ~ . ' 6 0 9 4 C . 6 C D b C . 6 3 9 ^ - C 






5 0 0 G . 
1 3 ^ 0 ! 
1 £ 6 3'? . 
Ll * 
C . 
5 0 G 0 
n 




4 9 9 6 . 
C . 
1 3 73G . 
I P 6 2 0 . 
0 . 
r. . 
5 U L J • 
G . 










5 C C 0 . e 9 0 0 . 
3E2M0 . 
A 1 9 3 C . 
E G or • 
5 3 C C . 
5 0 0 0 
6 9 GC 
3 6 2 4 C 
4 1 9 3 0 
5 0 OC 
C O G 0 
5 J 0 0 . 
6 9 3 - . 
3 6 2 3 0 . 
4 1 9 3 0 . 
C 0 00 . 
5 0 3 0 . 
5 u G G . 
6 9 i G . 
3 b 2 A Q . 
4 1 9 3 C . 
5 0 C C . 
5 0 0 0 . 
TERMINAL 
W E A L T i-
f. V^RA G r 
DIV IDE NC 
O E V I ^ I C N 
fi 5 1 3 G . 
1 6 6 7 8 . 
1 7 4 6 4 . 
8 5 1 9 0 . 
1 6 6 7 ° . . 
1 7 V 6 4 . 
8 5 1 3 0 . 
1 6 6 7 7 . 
1 7 4 5 1 . 
8 5 1 9 C . 
1 6 5 7 8 . 
1 7 4 6 A . 
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TABLE F - 4 
L I N E A R M C D . L 
S E T c 
VALL~ CF C2 
VALU r : CF Zl 5 . C 
V A P I A B L C . 5 
VALUE CF C i 













^ L . 
V5 
1. C G 0 
LOGO 
C . <>' c 
C • 0 G 0 
C « 0 0 z 
C • 0 G u r i -i> • L w V 
G . C r C i.: „• r 




9 6 7SC . 
LOGO 
1 . 0 0 0 
0 • L C' 0 
0 . CO 0 LOO 0 
0 . 0 C Q L r C 0 
0 • 0 C 0 
C . C1 f 






9 6 7 8 C . 
1 . 0 0 3 
1 . U 0 0 
c • G G r' 
C • 0 u I 
0 . 0 G 0 
G.GOG 
C . c J •1 C . CO 0 
i. o o e_ 





7 1 6 3 0 
9 6 7 7 0 
LOGO 
1 . 1 0 G 
O.GCO 
0 . 0 CO 
0 . G '3 G 
U • 0 u G 
o. c: g 
O.GOD G . 0 G C 
0 . C C G 
n 
G. 
' 1 6 5 0 . 




5 0 C L 
9 1 9 9 . 




9 1 9 9 . 
9 0 0 2 . 
C . 
0 . 
9 9 3 . 
0 . 
9 1 5 0 . 
9 o 0 4 . 
C . 
c. 
5 0 0 C . 
0 . 
3 1 9 9 . 









!T 0 o « . 
6 9 G J . 
3 1 7 0 J . 
3 7 ? 9 C . 
5 3 G 0 . 
5 0 GO . 
5 o 0 n . 
6 9 u f . 
3 1 7 0 C • 
3 7 3 9 0 . 
5 3 0 0 . 
5 0 0 0 . 
E 000 . 
fc 9 1 2 . 
3 1 6 9 3 . 
37 790 . 
5 OCG . 
5 G GO . 
5 0 0 3 . 
69G C . 
3 1 7 0 C . 
3 7 3 9 0 . 
5 00 0 . 
5GG C . 
T E F M N A L 
we altf 
AVE°AG r CIV TD r NC 
S T J • 
E V I A T J C N 
9 E 7 P G . 
1 5 1 6 5 . 
1 5 1 3 7 . 
9 6 7 5 C . 
1 5 1 6 5 . 
1 5 1 3 7 . 
9 t 7?C , 
1 5 1 6 3 . 
1 5 1 3 4 . 
9 6 7 ? G . 
1 5 1 6 5 . 
1 5 1 3 7 , 
A P P E N D I X G 
G r a p h s of the t e r m i n a l w e a l t h , s t a n d a r d 
d e v i a t i o n and a v e r a g e d i v i d e n d s a g a i n s t 
for the linear m o d e l (Set 1 ) . 
N O T E : A l l the g r a p h s of this A p p e n d i x 
have the e f f e c t s of c^ and 






V" I ' I * • 
1 2 3 4 5 
F i g u r e G - l . T e r m i n a l W e a l t h v s . for P r o j e c t Set 1 , 







F i g u r e G - 2 . S t a n d a r d D e v i a t i o n v s . c, for P r o j e c t Set 1, 







F i g u r e G - 3 . A v e r a g e D i v i d e n d v s . for P r o j e c t Set 1, 
L i n e a r M o d e l . 
/ 
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A P P E N D I X H 




VALLECFC2.0G3 VALUE OF C3 IC . 
V A L U E CF C l ' " ~ ~ " 


















. EC 2 
l . O c C 
. 7 7 6 
C C C C 
L • C J r 
. 2 : 2 
. ^ T 0 
. 19 E 
•j % P . 
4 1 7 1 4 , 
1. 
4E6 GC G 
90 0 
0 G 0 77 6 o. c c r C . 0 0 c 
• 2C 2 • 43 6 . 16 5 
0 . 
0 , a. c. o • 
41532. 
.452 0.00 0 .90 7 1 . 000 . .78 0 C. 00 Q a.GOo . 20 4 .431 .164 
0 • 0 . 
0 . 0 • 0 • 
41363. 
.37 7 0.000 .913 
l.onc 
.785 0 • G U 0 0.000 .206 .412 .108 










c QC5 . 
1 2 1 8 0 . 
0 . C . 0 . 8233 . 123 12. C . 
G . 
0 • 
0. IC 089. 12 429 . 
0 • 







I L 4 •» o # 
1 3 3 6 4 . E 4 5 8 . 3 12 81. 
5 3 CC . 
9094 11344 12629 87G5 11591 5 0 0 C 
9207. 10707. 12427. 10 337. 9 747. 5 3 00 . 
10982. 11204. 11153. 9771 . 7973. 500 C . 
TERMINAL 
W c flLTH. 
AVERAGE 
C I V I D f . N D 
12 8G97 . 











S T D . 
D E V I A T I O N 
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TABLE H-2 NONLINEAR MCEEL SET 1 VAL'E OF V A L U r CF C2 Dir. it-. 
VAF TABLE 
VALUE CF Ci i*E-6 l*E-5 1*E -4 
X I X2 X3 X4 X5 X6 xQ X9 
xi; VO Vi V2 V3 V4 VF 
c. o: c 
La J 0 \J a A85 G • G 0 3 • Al e C . C 0 C I • L G C C • L i c 





0.0C 0 G • 0 G C . A85 C • G 0 C • Al 9 C.CC? C • G C C • 112 •192 .03 3 
r G . 
r , c. n a 16901 a 
C . CO 0 a G G G ^ .815 • u G C 
a Al 3 L • J JG C .GDC 
C a 0  o .1  2 .191 0 a 0 a 0 . C a 0 • 11 866. 
0 . 0 0 G 0. 0 G G 4. 8A1 0• G C u • 417 0.000 
o.c :g 
.112 • C32 0 . 0 0 G 
C. 
0 . 
p c. c. 
16846. 
W0 







c. c. 'C . 226Q. C . P . 
0.a0 . 2186. 0 . 
c. c. 0. 2259. Cc. 
CO Cl C2 C3 
C4 
CF 
50C . 5 0 G L . 50 OG . 50 G . r131 . FOGG. 
5 0 0 0 . 5300. 50CC • 5167. 50GC . 5000 . 
5000 . 5G0C . 5 000 . 5 OG • 5 104. 50GC. 
5 0C G . 5GCQ5.0 C. 5 0 0 C . 5036 . 50GG
















T A B L E H-3 
N C N L I K E A R M C O ' L 
S E T 1 
VALLT OF ZC .C~3 VALUE OF C 3 13 . 
VALUE Cl 
V£~IARLR l*c-7 l*E-6 l* R -5 l*E-4 
yi .394 . 37 7 . 332 •21C 
X3 C C U C 0.00 3 C .000 0.0 CO 
v' l.CR-C 1.0CG 1.0G0 l . C C C )d+ 1.3CG ' 1.O0G 1.C0C 1.G0G 
v - l.ccn l.ooc i.ooo l.ccc 
>=-. C C G C G.QCG GOG G . G G W ' 
Y- c. cr  • i.Gc: w.r-J: cocc­yx • •3G 5 . 3R 4 . 31 3 .3 22 X1 ,14*1 .451 . ̂ 4 9 i .443 *lr. .156 .135 .154 . _ .HP V3 C . G . P . C. VI C . C • 0• C • v, G • 3 0 • • T , G • G. o. r. o. o. 
V5 2 7 0 72 . 2 6 8 8 6 . 26 514 . 2 5 5 8 9 . 3 . 0 . G . C. 1 G • 0  G. W2 G . r 
L • 
0 . C . 
2 C 5 1 3 . 1 9 8 7 5 . 2 1 4 4 ? . 216C7 . K4 3 6 2 6 7 . 3622E . 36527 . 3696 C 0 . C . 0 . 0 . 
5969 . 6 3 5 4 . 6 670 . 851 2 . 
CL 6875 . 726P . 7473 . 8 7 5 C . C2 8565 , 8 0 1 3 . 9 110. 9066 . 
r> * 11 J 9 4 . 1 G 5 2 9 . 1G ^ 2 , 389 3. C4 13013 . 1 3 5 3 8 . 106 89. 7689 . C5 5 0 G C . 50 00 . 5 OuO . 5 0 G C . 
VIN AL 
138992 . AL'J- 13 9 3 31. 1 3 9 5 2 8 . 1 4 G 2 6 7 . 
5 R A G P 
IDENC 6*18 . 8 4 4 Q . 8 285 . 7985 . 
T ?, 
fl^I CN 31 09. 3102 . 2311 . 1539 . 
1 4 4 
TflRLE H-u 
NONLINEAR MCDEL 
S E T 1 
VALUE OF C2 . c e 
VALUE CF C3 13. 
VALUE CP C l 
VARIABLE 1*-E-7 l*E-6 l*E-5 l*E-4 
vi X2 
X3 
y « Xb ŷ  x -s v 3 Xli V ? 
Vi v.? v̂  
V-
vs 
-C . ODC 
c. cc: 
.53 5 .53 5 .719 
• A 9 C C . CO C 
.191 
. 319 
. G9E C . 
0 . 
w • 0 . 0 . 
f 1 9 2 5 . 
0 . GO G 
















• -I 7 W 
,.03 0 
.19 2 







0 . 0 0 G 
. 847 
















































6. 9 53 . 
e 489. 
1G 473 . 
8171 . 
5 0 00 . 





50G 0 . 
T£ K NIU tL 
W I• L T h 
A V c * A G " 















1 4 5 
T A BL?- M - 5 
. N C N L I N E A P ĈCEL 
SFT 1 
VALUE OF C2 .DO 2 . VALUE CF CE 20. 
~ V A L U E OF C L " 
V A R I A B L E i*E -7 l * E - € L*E-5 L*E-4 
VI 1 • 0 3 G 1.000 1 . 3 0 C L.GGC yZ O . O G C 0.00 0 C.G3C O.CGC 
Y ̂? • G . 0 G T C O C O 0.00C Q . C G O X 4 L . C G U O•A C 0 C • G 0 C 3•C C C 
X5 C . G C C O . O G C C .GOG O.CGC X5 . .1.D3Q 1. G O G I . GGG l.G 3G Y7 L.CCG L.UGC 1 . G U C . L.GGC 
Y -? . C . G G C C O N N G . O G O O . G G C Y •> . 0 5 fc • . 0 5 2 . 0 5 8 . 0 6 7 >LJ . 1 8 4 . 1 7 3 . 1 9 1 . 2 2 1 
V? 0 . r . 0. C. 
VI C • C . 0 . G. 
V 2 0. C • G • 0. 
V3 5 6 5 0 . 5 3 5 2 . 5 8 1 2 . 6 5 8 2 . 
V- 1 0 4 5 5 8 . 1 C 4 2 2 3 . 1 0 4 7 3 5 . 1 C 5 5 7 5 . 
V5 1 6 2 1 9 9 . 1 6 1 8 4 4 , 1 6 2 3 9 2 . 1 6 3 3 0 7 . 
W:« C . O . O . G . VI 0. . C . 0. 0. 
VZ 3 3 5 4 8 . . 3 3 9 5 8 . 3 3 3 2 5 . 3 2 2 6 5 . 
M C . C . C . G . 
^ - A , ^ . O . C. 
R 0 . C • G . G. 
CO 6 4 8 0 . 67Q4. 6759. 5781 CL 5 0 OC. 50 OC. 5 0 00 . 5 GO G C 2 . 50CC. 5000 . 5 000 . . 53CG C7 5 0 G0. 53DC. 5000. 5 GC G GT 50G0. 50CC. 53GG. 5QGG DR; 50 C3. 5 3GC. 5 G O G . 5C0C 
T E ? M N J & L 
" ALT I-
A V ^ R A G E 
C I V I Q E N C 
S T D , 
DE V I A T I C N 
1 6 2 1 9 9 . 
5 2 4 6 . 
6 0 4 , 
1 6 1 3 4 4 . 
5 2 8 4 . 
6 9 6 . 
1 6 2 3 9 2 . 
5 2 2 6 . 
5 5 4 . 
1 6 3 3 C 7 . 
5 1 3 0 . 
3 1 9 . 
1 4 6 
A P P E N D I X I 
S e l e c t e d R e s u l t s of the N o n l i n e a r M o d e l (Set 2) 
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T A R L E T - L 
N O N L I N E A R M O D E L 
S-T 2 
V A L U E C F 
V A L U E O F r "3 
GC 1 
1 0 . 
V A L U E CF C L 
V A F IA R L E L * E - 7 I*E-E I F R.R L * E - 4 
VI 1 • ° C": L O C O 1 . 0 0 0 L O C O X2 1 • C U IJ L . C G 0 1 • 1 J G 0 L . G C C 
X3 G . C 0 0 N. 0 0 0 T . 0 0 0 0 . 0 0 0 
X- C . G O G C G F. 0 G . 0 0 0 O . C C G 
X5 R. A C C C O C O C • 0 0 C C L O G 
X6 •* <"> n • 1 . 0 0 0 . 1 • C O 0 1 * 0 G G 
X7 C • COR C O ' . " Z • 3 0 C 0 • G C C 
X* G • C G G C O C O 0 . 0 0 0 0 . C 0 0 
X9 C . O P C C C C C C • Q 3 U 3 . G : 0 
V10 C C G G R r f f R R U » J U W 0 . G C C 
VO C . R • C . G . 
VI R 
0 » 
R.. C . 0 • 
V2 R
U • 
r . 0 . C 
V'5 1 2 E T • L A E 7 . 6 6 8 2 . 6 6 8 2 • 
VH I R :• 7 4 R , 9 .C 9 3 5 . Q ? U O A , 9 3 4 9 6. 
V5 I 5 7 4 C ? . 1 5 ^ 0 9 1 . 1 4 9 2 0 5 . 1 4 9 2 0 5 . 
V 3 5 5 0 C C 5 5 0 C C 5 5 0 0 3 . • 5 5 G C 3 . 
WI 55 3 1 7 , 5 4 L C R . 5 4 IOC . 5 4 1 0 C . 
WE 4 6 6 3 6 . 4 4 0 1 2 . 4 3 3 9 2 . 4 3 G 9 2 . 
K3 G • 0 . 0 . 3. 
R. C . R 
O . 
C . 







5 0 0G 
5 9 1 7 
7 5 1 6 
G A C R; 
C 7 7 0 
7 8 7 7 
5 0 0 0 . 
5 0 u 0 . 
5 9 2 0 . 
1 1 2 1 3 . 
1 4 8 1 9 . 
59°8 . 
5 0 0 0 . 
5 G O O . 
5 G O G . 
7 4*5 . 
' 2 5 4 4 1 , 
5 OOO . 
5 C C C 
5 0 1 C 
5 G C C. 
7 4 4 5 , 
2 5 4 4 1, 
5 0 C C 
T F P M N A L 
W E £ L T F 
/S V = 9 A R R 
0 1 V I O E N C 
C |"1 
0E V I AT.T CN 
L R 7 4 C 2 . 
1 6 8 3 . 
1 5 4 0 9 1 . 
7 9 9 0 , 
4 0 7 9 . 
1 4 9 2 3 5 . 
9 8 1 4 . 
8 2 U ? . 
1 4 9 2 C 5 . 
9 8 1 4 . 
3 2 0 3 . 
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TABLE i - 2 
NONLINEAR MCDEL 
S C T 2 
VALUE CF C2 . 0 0 6 
V AL U r CF C 3 1G . 
VALUE CF Cl. 














. 5 7 1 
1 • OC 
. 7 5 6 
. 9 9 3 . 70 5 CCCC C • C C c 
. 17 r 
CCCC G . c.
3 4 9 9 7 . 
. 5 6 9 
0 . CF 0 
. 75 7 
. 9 r 5 
. 7[. 6 
C.uCG 
C . G C 0 
. 1 " * 5 
. 2 8 7 
C . OC 0 
f 
u . c. c. 3 4 * 8 2 , 
• • J c 
G . 00 C 
. 7 5 1 
. 9 * 0 
. 7GO r fi C'. r-~. i.-C . ou 0 
. 1 7 3 







3 4 5 6 4 . 
. 3 9 7 
0 . G 0 0 
. 7 2 3 
. 8 4 6 
. 6 7 4 
G . 0 C C 
0 . 0 0 0 
. 1 6 7 
m . 2 2 6 






3 3 0 2 1 ! WO Wl 




3 3 "3 . 






















6 2 3 7 . 
€ 7 5 0 , 
8 5 9 * . 
1 1 3 1 2 . 
9 1 4 C . 
c n r r , 
6 3 0 2 . 
9 3 0 ° . 
7 9 4 5 . 
1 C Q 7 8 . 
1 C 4 1 3 . 
5 0 0 G . 
6 5 4 0 . 
8 5 4 1 . 
8 9 0 1 . 
IC 5 6 4 . 
6 8 0 b . 
5 JuD . 
7 5 5 3 . 
8 3 1 ? . 
858 ,5 . 
5 6 4 8 . 
7 3 5 3 . 
5 U u C . 
TERMINAL 
WE ALT H 
' A V z ° A Q -
C I V I C E N C 
S TD. 
DEVT 5TICN 
1 0 ~ 6 8 1 . 
8 1 7 2 . 
2 ? 41 . 
1 0 7 5 6 7 . 
6 1 7 4 . 
2 1 7 C . 
1 0 6 7 4 3 . 
fi 0 6 2 . 
1 9 7 5 . 
1 0 2 5 3 7 . 
7 5 7 6 . 




S E T 2 
V A L U T C F C 2 .010 V/ALUE OR C3 13. 
V A L U E CF C l 
IARLE 1*E-7 i*E-6 1 *E-5 1*E-M 
vi .2 '4 .274 .27 0 .2A3 
XZ . .0.00 0 0.000 C . 0 0 G O.GCC X3 .712 . 71 2 . 711 • 7 G 4 Y_ .638 . 63 « .627 , . C 77 V "~ .66 4 . 664 . b  3 • 6 E c >6 i rr' r o. o rv G • 00 U 0 . c: G V 7 C • LEG o. o: c 'LL 1 UU L U « LI W U X* . 16* . 16 A • 164 .162 YQ - . 185 • * c * . 1̂ 2 .211 X1G L . CO L G • 0 C G C .003 0 . G C C 
VO C . C . 0 . C. 
VI 0 . 0 . 0 . 0. V2 r 
L * 
G . c. C • V̂  c. 0 . 0 . c. v̂  c. 0 . 0  c. VE 30027. 3GG27. 29 904. 29561 . 
u G 0 . C . 0 . 0 . n e. r. o. c. W ̂  o. R, c. o. 
V\3 2 7 4 4 . 2744. 2 760 . 2747. 
^ L 0 . . O . 0 . 0. V* -"5 0, G . 0 . 0 • 
C C 5 0 0 0. 5 0 0 C- . 5 000 . 5139 . 
Ci . 5 3 23 . p G 2 0 . 5132. 5404 . 
r? 652*. 6526. 6 401 . 6GG3. 
<~3 6379 . 6379 . 6 3-9. 6G2G. 
C4 6025. 6 0 2 c . 5961. 5672. 
C5 5 0 CC. 5000 . 5 000 . 530 C. 
TEPW:NAL 
WE A LT H 98506 . 98506 . 98 261 . 97184. 
A V F ~ A G -
CIVIDENC E & E * . 555*. 5 64.0 . 5539. 
ETC, 
DEVIATION 73?. 732. 672. 432. 
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VALUE 0r C2 .00 6 
VALUE C F C2 1 6 , 
TABLE 1 - 4 
• NO NLI NEAP MCLEL 
V A PTABLE i * £ - 7 
VALUE OF C l 










V 7 V-V5 
1 • 00 C 
i . co: CCOu 
i. e i c •:. c o 
C . CCD 
. 3 1 2 
c. c:r 
C . 0 E C I 
G • 4 1 7 6 
1 . 0 0 0 
i . oc a 
l . G G C 
C O C C 
1 . G 0 0 
G . C L G 
G . t C G 
* 31 3 0 • 0 C G 
G • C C 0 
C . r. 
G . c. r. 
4 1 6 2 2 . 
1 .OOC 
1 . 0 0 C 
1 . 0 0 0 
C . 0 0 Q 
1 • u 0 0 
C O G J 
u . u G G 
. 3 1 4 
0 . c c-




0 • 0 . 
4 1 1 1 7 . 
1 . o CG 1. G G 0 
1 . 0 0 G 
o.c:c 
1 • u * C 
Q.GCC 
c g : c 
. 3 1 8 
0 • u r o 
Q . u G C 
c. 0. 
4 3 8 3 C 
Y . Wl YZ 
w.  
2G 6 2 3 . c * ? a # 
6 7 8 E 6 . 
7 4 1 4 9 . 
2 6 7 C 6 . 
2 G 5 9 8 . 
5 3 6 1 7 . 
6 7 7 7 5 . 
7 3 3 0 3 . 
2 6 3 6 8 . 
2G 9C1  
5 3 3 Q 7 . 
6 8 4 Q 5 . 
7 5 0 9 1 . 
2 9 0 4 5 . 
0 . 
2 1 8 8 C 
5 4 4 8 1 • 
7 0 3 1 0 . 
7 6 7 7 G . 






5 6 2 3 . 
7 6 8 5 . 
6 7 4 4 . 
8 1 4 8 . 
C Q C f l , 
5 0 G . 
5 5 9 8 , 
8 0 4 7 . 
5 8 8 8 . 
7 5 1 3 . 
1 0 8 4 8 , 
5 0 00 . 
5 9 0 1 . 
7 4 7 7 . 
6 8 6 7 . 
8 2 4 6 . 
9 0 2 6 . 
c OOC . 
6 8 8 ° . 
. 7 4 6 6 . 
7 4 5 6 . 
7 6 3 6 . 
7 1 2 4 . 
5 G G 0 . 
r E F . * I N AL 
K r A L T H 
A V - - A G 1 
DTV TH"NP 
c T D . 
DEVI A T1C N 
1 5 1 3 4 1 , 
7 1 3 3 . 
1 84 3 , 
1 5 1 0 1 * . 
7 1 4 9 . 
2 1 5 5 . 
1 5 1 0 8 2 . 
7 0 8 6 . 
1 4 87 • 
1 5 1 3 9 2 . 
6 6 2 ° . 





V A L U C ' 
\ i A L L f 
G P Cc 
CF C 3 
* 0 1 u 
2 T . 
1 * cr_ 7 
VALUE O r Cl 















1 . 0 C r 
1. 0 0 :• 
1. ?G C 
COO' 
i. lo: 0. g i r 
f. 11 j i? 
. 33 7 
1. • *. *- v. 




4 7 1 2,5 • 
1 • 0 C C 
1. Q C C l.UO 3 
C . 0 C 0 
i. o:r 
0 • 0 c c c • c c: 
,3' 7 














C • G G 3 






4 6 9 7 2 , 
1 • C G 0 
1,000 
1, C 0 G 
0 . 0 GO 
i.c :c 
G • 3 : G 
0 . C 3 G 
.343 
0,03 G 
0 • G C 0 
0 . 






I C 9 0 G . 
5 0 7 0 2 . 
6 3 6 2 2 , 
69316 . 
2 CO GC . 
5 0 7 0 2 , 
6 3 6 2 2 . 
69318 . 
2 4,9 81 . 
20 000 • 
5 0 6 8 9 . 
6 3 893, 
£9 639. 
2 5 1 9 9 . 
0 . 
2 0 2 5 3 . 
5 1 0 3 4 . 
6 4 9 6 7 . 
7 1 1 8 A . 





c 0 0 0 . 
c 8 G 2 • 
500C . 
651- . 
85 85 . 
5 0 0 0. 
5 0 c r . 
58 0 2. 




5 GuO . 
5 78 9. 
5 2 ° 5 . 
66*7, 
8 0 37 . 
5 C3G . 
525 3 . 
5 851 . 
5973 . 
65C 9. 
6 59 6 . 
5 0 u 0 . 
T - ^ M ' N A L 
W 3 A L T M 
a v - f a g : 
C I V I J " N C 
i6C3^o. 
5 9 82 . 
1412. 








646 . STD. 
D E V I A T I O N 
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A P P E N D I X J 
G r a p h s of the t e r m i n a l w e a l t h , s t a n d a r d 
d e v i a t i o n and a v e r a g e d i v i d e n d a g a i n s t 
e a c h one of the p a r a m e t e r s for the n o n ­
l i n e a r m o d e l . 
N O T E : The g r a p h s o f this A p p e n d i x 
(except J-l, J - 4 , and J-7) have the 
e f f e c t s of c, removed. 
F i g u r e J - l . T e r m i n a l W e a l t h v s . for P r o j e c t Set 
N o n l i n e a r M o d e l . 
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F i g u r e J-l. T e r m i n a l W e a l t h v s . for P r o j e c t Set 1, 
N o n l i n e a r M o d e l . 
15 5 
F i g u r e J - 3 . T e r m i n a l W e a l t h v s . c 3 for P r o j e c t Set 1, 
N o n l i n e a r M o d e l . 
156 
F i g u r e J 
158 
F i g u r e J - 6 . S t a n d a r d D e v i a t i o n v s . for P r o j e c t Set 1, 
N o n l i n e a r M o d e l . 
159 
D 
F i g u r e J - 7 . A v e r a g e D i v i d e n d v s . for P r o j e c t Set 1, 




F i g u r e J - 8 . A v e r a g e D i v i d e n d v s . for P r o j e c t Set 1, 
N o n l i n e a r M o d e l . 
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F i g u r e J-9. A v e r a g e D i v i d e n d v s . c~ for P r o j e c t Set 1, 
N o n l i n e a r M o d e l . 
1 6 2 
B I B L I O G R A P H Y 
1. B a l a s , E g o n , "Duality in D i s c r e t e P r o g r a m m i n g : I I . The 
Q u a d r a t i c C a s e . " M a n a g e m e n t S c i e n c e , 1 6 - 1 , Sept. 1 9 6 9 , 
pp. 1 4 - 3 2 . 
2. B a u m o l , W i l l i a m J. and R i c h a r d E . Q u a n d t , " I n v e s t m e n t 
and D i s c o u n t Rates u n d e r C a p i t a l R a t i o n i n g — A P r o g r a m ­
m i n g A p p r o a c h , " The E c o n o m i c J o u r n a l , V o l . LXXV, N o . 
2 9 8 , J u n e 1 9 6 5 , p p . 3 1 7 - 3 2 9 . 
3. B a z a r a a , M o k t a r and J o h n J a r v i s , "Linear P r o g r a m m i n g 
and N e t w o r k F l o w s , " W i l e y , 1 9 7 7 . 
4. B e r n h a r d , R i c h a r d H., " M a t h e m a t i c a l P r o g r a m m i n g M o d e l s 
for C a p i t a l B u d g e t i n g — A S u r v e y , G e n e r a l i z a t i o n , and 
C r i t i q u e , " J o u r n a l of F i n a n c i a l and Q u a n t i t a t i v e 
A n a l y s i s , V o l . 4, N o . 2, 1 9 6 9 , p . 1 1 1 . 
5. C a r l e t o n , W i l l a r d T., "An A n a l y t i c a l M o d e l for Long 
Range F i n a n c i a l P l a n n i n g , " J o u r n a l of F i n a n c e , V o l . 25, 
N o . 2, 1 9 7 0 , p . 2 9 1 . 
6. C h e n , H., " V a l u a t i o n U n d e r U n c e r t a i n t y , " J o u r n a l of 
F i n a n c e and Q u a n t i t a t i v e A n a l y s i s , V o l . 2, Sept. 1 9 6 7 , 
p. 313. 
7. D r a p e r , N. R. and H. S m i t h , "Applied R e g r e s s i o n A n a l y s i s , " 
W i l e y , 1 9 6 6 . 
8. G o r d o n , M y r o n , "The I n v e s t m e n t F i n a n c i n g and V a l u a t i o n 
of the C o r p o r a t i o n , " H o m e w o o d , 1 1 1 . : R . D . Irwin, 1 9 7 2 . 
9. H a m i l t o n , W i l l i a m F. and M i c h a e l M o s e s , "An O p t i m i z a t i o n 
M o d e l for C o r p o r a t e F i n a n c i a l P l a n n i n g , " O p e r a t i o n 
R e s e a r c h , V o l . 2 1 , N o . 3, 1 9 7 3 , p . 6 7 7 . 
1 0 . H i g g i n s , R o b e r t C., " D i v i d e n d P o l i c y and I n c r e a s i n g D i s ­
count R a t e s : A C l a r i f i c a t i o n , " J o u r n a l of F i n a n c e and 
Q u a n t i t a t i v e A n a l y s i s , V o l . 7, J u n e 1 9 7 2 , p . 1 7 5 7 . 
1 1 . J a r v i s , J o h n J., F r a n k H. C u l l e n , C h r i s P a p a c o n s t a d o p o u l o s , 
L i n e a r P r o g r a m m i n g Code "EZLP", d e v e l o p e d in the S c h o o l 
of I n d u s t r i a l and S y s t e m s E n g i n e e r i n g , G e o r g i a Institute 
o f T e c h n o l o g y . 
1 2 . K l a m m e r , T h o m a s , "Empirical E v i d e n c e of the A d o p t i o n 
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of S o p h i s t i c a t e d C a p i t a l B u d g e t i n g T e c h n i q u e s , " J o u r n a l 
of B u s i n e s s , V o l . 45, 1 9 7 2 , p . 387. 
13. M a n n e , A l a n S., "Optimal D i v i d e n d and I n v e s t m e n t P o l i c i e s 
for a S e l f - F i n a n c i n g B u s i n e s s E n t e r p r i s e , " M a n a g e m e n t 
S c i e n c e , V o l . 15, N o . 3, Nov. 1 9 6 8 , p . 119. 
1 4 . M c D o n a l d , J. and J. Van H o r n e , " D i v i d e n d P o l i c y and N e w 
E q u i t y F i n a n c i n g , " J o u r n a l of F i n a n c e , May 1 9 7 1 , pt. 1, 
p . 507 
15. M i l l e r , M e r t o n H. and F r a n c o M o d i g l i a n i , "Dividend 
P o l i c y , G r o w t h and the V a l u a t i o n of S h a r e s , " J o u r n a l of 
B u s i n e s s , V o l . 34, N o . 4, 1 9 6 1 , p . 4 1 1 . 
16. " M u l t i - P u r p o s e O p t i m i z a t i o n S y s t e m ( M P O S ) , " C o d e d at 
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